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COMPOUNDS, COMPOSITIONS AND METHODS FOR INHIBITING THE 
BINDING OF PROTEINS CONTAINING AN SH2 DOMAIN 
TO COGNATE PHOSPHORYLATED PROTEINS 

FIELD OF THE INVENTION 

This invention relates to compounds that inhibit 
the binding of proteins containing an SH2 domain to 
cognate phosphorylated proteins. This invention also 
relates to pharmaceutical compositions containing the 
compounds and to therapeutic methods that use the 
compounds . 

BACKGROUND OF THE INVENTION 

Many of the signal transduction pathways that 
regulate a variety of cellular processes/ including the 
differentiation and proliferation of normal and 
malignant cells, operate through phosphorylated 
proteins called tyrosine kinases. The two major types 
of tyrosine kinases are receptor and nonreceptor 
tyrosine kinases. 

Receptor tyrosine kinases contain binding sites or 
receptors for growth factors such as epidermal growth 
factor (EGF) or platelet-derived growth factor (PDGF). 
When a growth factor such as EGF or PDGF binds to the 
receptor, the tyrosine kinase receptor protein is 
activated; the tyrosine kinase receptor protein is 
autophosphorylated; and endogenous proteins that 
participate in the signal transduction pathway are 
phosphorlyated . 

Some endogenous proteins that are involved in the 
cellular signal transduction pathways contain a 
specific domain called the SH2 domain, which provides 
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for interaction with an activated tyrosine kinase 
rece pt:or protein. This interaction is a protein- 
protein interaction. One protein that contains an SH2 
domain is pp60c-src kinase, which is also a tyrosine 
kinase. The pp60c-src kinase is a nonreceptor kinase 
and is related to a number of nonreceptor tyrosine 
kinases, which include,, but are not limited to, Fyn, 
Lck, Yes, Blk, Lyn, Fgr, Hck, and Yrk. Another 
important protein that contains an SH2 domain is Abl . 

The pp60c-src protein is exemplary of the Src 
family of tyrosine kinases. The pp60c-src has three 
major domains: SHI, SH2, and SH3 . The SHI domain is 
most commonly called the catalytic domain or tyrosine 
kinase domain. The SH3 domain is a binding region for 
proteins having proline-rich sequences. Both the SH2 
and SH3 domains are noncatalytic, but are important in 
protein -protein recognition. 

The Src family of protein kinases, which all 
contain a SH2 domain, are involved in a number of 
cellular signalling pathways. For example, Src is 
involved in growth factor receptor signalling; 
integrin-mediated signaling; T- and B-cell activation 
and osteoclast activation. It is known that the Src 
SH2 domain binds to several key receptor and 
nonreceptor tyrosine kinases such as tyrosine kinases 
containing receptors for PDGF, EGF , HER2/Neu (an 
oncogene form of EGF), Fibroblast growth factor, focal 
adhesion kinase, pl30 protein, and p68 protein. In 
addition, pp60c-src has been shown to be involved in 
the regulation of DNA synthesis, mitosis, and other 
cellular activities. 

Thus, it would be useful to have compounds that 
inhibit the binding of proteins containing an SH2 
domain to cognate phosphorylated proteins, as the 
inhibition of binding of proteins containing an SH2 
domain to cognate phosphorylated proteins can be used 
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t 

to treat proliferative diseases such as cancer, 
osteoporosis, inflammation, allergy, restenosis, and 
cardiovascular disease, which all rely on signal 
transduction involving proteins that contain an SH2 
domain that binds to phosphorylated proteins during the 
cellular signalling process. 

SUMMARY OF THE INVENTION 
The present invention provides compounds having 
the Formula I 




I 



/ or 
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X is r 1 !* 2 ^ / R 10 n / or a bond; 

R 1 is hydrogen , RCONR ' - , RR ' NCONR ' ' - , RS0 2 NR ' - , 
RCSNR'-, RR'NCSNR''-, RR' NS0 2 NR' ' - , ROCONR'-, or 



NCONR ' 



R 2 is hydrogen, alkyl, cycloalkyl- (CH 2 ) n ~ 
substituted alkyl, aryl- (CH 2 ) n ~ , heteroaryl- (CH 2 ) n - , 
10 - (CH 2 ) n -C0 2 H, substituted cycloalkyl- (CH 2 ) Q - , 

substituted aryl- (CH 2 ) n - , or substituted 
heteroaryl- (CH 2 ) n - ; 

R 3 is hydrogen, 1 alkyl , cycloalkyl - (CH 2 ) n - , 
substituted alkyl, aryl - (CH 2 ) n - , heteroaryl- (CH 2 ) n - , 
15 - (CH 2 ) n -C0 2 H, substituted cycloalkyl- (CH 2 ) Q - , 

substituted aryl- (CH 2 ) Q - , or substituted 
heteroaryl- (CH 2 ) n ~ ; 

R 4 is hydrogen or alkyl; 

R' 

20 f~\ | 

R 5 is -NRR' , N \X ' ° r • NCH < C -H 3 )R; 

R 

R 6 and R 9 are independently -OP0 3 R c R d , 
-CF 2 P0 3 R c R d , -CH 2 P0 3 R c R d , -P0 3 R c R d , -S0 3 R c , -OS0 3 R c , 
25 -CH 2 S0 3 R c , -S0 2 NH 2 , -OS0 2 NH 2 , or -CH 2 S0 2 NH 2 ; 

R 7 and R 8 are independently hydrogen, alkyl, 
substituted alkyl, halogen, -OR, -NRR', -COCF 3 , 
-(CH 2 ) n CH 2 OH, -{CH 2 ) n C0 2 H, -(CH 2 ) n CHO, - ( CH 2 ) n NRR ' , or 
-Q-CH 2 - (CH 2 ) n -NRR' ; 
3 0 R 10 is -(CH 2 ) n C0 2 H, hydrogen, alkyl, aryl, 

substituted alkyl, or - (CH 2 ) n - substituted aryl; 

R c and R d are independently -R, -CH 2 CH 2 Z, 

-CH 2 CHZ 2 , -CH 2 CZ 3 , or T ft 

R O 

Q is -O- , -NH- , -S-, -CH 2 0-, -CH 2 NH-, or -CH 2 S-; 
Z is -CI, -Br, or -F; 



35 
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R, R', and R' ' are independently hydrogen, alkyl, 
cycloalkyl- (CH 2 ) n - , aryl- (CH 2 ) n ~ , heteroaryl- (CH 2 ) n - , 
substituted alkyl, substituted cycloalkyl- (CH 2 ) n " / 
substituted aryl- (CH 2 ) n - , -(CH 2 ) n C0 2 H, or substituted 
5 heteroaryl- (CH 2 ) n - ; and 

each n is independently 0 to 5, or the 
pharmaceutically acceptable salts, amides, esters, or 
prodrugs thereof . 

In a preferred embodiment of the compounds of 
10 Formula I, 

U is -CO-; 



15 



20 



25 



30 



1 9 / 

X is r-'-r^c^ and 




In a preferred embodiment of the compounds of 
Formula I, 

U is -CO-; 

i -> / 
X is r-'-r^c^ and 




R 1 is RCONR ' - , -NRCONR'R' ' , -NRS0 2 R' , or 
35 O^^NCONR ' - ; 
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aryl ; 



R 2 , R 4 , R 7 , and R 8 are hydrogen; 

R 3 is -(CH 2 ) n C0 2 H, alkyl, or - (CH 2 ) n - substituted 



R 5 is -NRR', -NCH(CH 3 )R, or 



; and 



10 



R 6 is -OP0 3 R c R d 7 -CF 2 P0 3 R c R d , or -P0 3 R c R d . 
In another preferred embodiment of .the compounds 
of Formula I 



U is -CO-; 



15 



20 



25 



X is r^c 



/ 
\ 



and 




Y is — ch 



R is CH3CONH- ; 

R 2 , R 4 , R 7 , and R 8 are hydrogen; 
R 3 is -CH 2 CH 2 C0 2 H; 



R b is -NRR', -NCH(CH 3 )R, or 



and 



30 



R 6 is -OP0 3 R c R d , -CF 2 P0 3 R c R d / or -P0 3 R c R d . 
In another preferred embodiment of the compounds 
of Formula I 



35 



U is -CO-; 



Y is — ch 





and 
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X is R 



10 



/ 



\ 



In another preferred embodiment of the compounds 
of Formula I 



10 



15 



U is -CO; 



>8 



Y is 



X is R 



10_ 



/ 



-N 



\ 



R' 

/ or 




R 3 and R 10 are -(CH 2 ) n C0 2 H; 
R 4 is hydrogen; 



20 



25 



R 5 is -NRR ' , -NCH(CH 3 )R, or 



R 7 and R 8 are hydrogen ; and 



R 6 is -0P0 3 R c R d , -CF 2 P0 3 R c R d , or -P0 3 R c R d . 
In another aspect, the present invention provides 
the compounds of Formula II below: 



30 



R 13 R 12 



Y — X 




(CH 2 )— W, 



,11 



N 
I 

H 



II 



35 



wherein U and W are independently -CO-, -CS-, -SO-, or 



SO 



2 ' 
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Y is 



5 



10 




15 




X is r 19 r 20 c^ / R lfi - — / or a bond; 

20 R 11 is hydrogen, alkyl, -OH, substituted alkyl, or 

-NH 2 ; 

R 12 is hydrogen or alkyl; 

R 13 is -(CH 2 ) n C0 2 H, alkyl, - (CH 2 ) n -aryl , 
- (CH 2 ) n -heteroaryl, - (CH 2 ) n -cycloalkyl , hydrogen, 
25 substituted cycloalkyl- (CH 2 ) n - , substituted 

aryl- (CH 2 ) n - , substituted heteroaryl- (CH 2 ) n - , or 
substituted alkyl; 

R 14 and R 17 are independently -0P0 3 R c R d , 
-CF 2 P0 3 R c R d , -CH 2 P0 3 R c R d , -P0 3 R c R d , -S0 3 R c , -OS0 3 R c , 
30 -CH 2 S0 3 R c , -S0 2 NH 2 , -OS0 2 NH 2 , or -CH 2 S0 2 NH 2 ; 

R 15 and R 16 are independently hydrogen, alkyl, 
halogen, -OR, -NRR' , -COCF 3 , - (CH 2 ) n CH 2 OH, -(CH 2 ) n C0 2 H, 
-(CH 2 ) n NRR / , -(CH 2 ) n CHO, or -Q-CH 2 - ( CH 2 ) n ~ NRR ' ; 
R 18 is -(CH 2 ) n C0 2 R, hydrogen, alkyl, 
35 - (CH 2 ) n CONRR' , substituted alkyl, or 

- (CH 2 ) n -substituted aryl; 
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R 19 is hydrogen, RCONR' - , RR ' NCONR ' ' - , RSO2NR ' - , 

RR ' NS0 2 NR " - , ROCONR ' - , or ( / \ jC0NR ' - " ; 

5 R 20 is hydrogen, alkyl, cycloalkyl- (CH 2 ) n - , 

substituted alkyl, aryl- (CH 2 ) n - , heteroaryl- (CH 2 ) n - , 
- (CH 2 ) n -C0 2 H / substituted cycloalkyl- (CH 2 ) n - . 
substituted aryl- (CH 2 ) n - , or substituted 
heteroaryl -( CH 2 ) n - ; 
10 R a is hydrogen, halogen, or alkyl; 

R b is hydrogen, alkyl, -OR, -0(CH 2 ) n -aryl, -NRR' , 
-0(CH 2 ) n -substituted alkyl, -SR, -0(CH 2 ^-substituted 
aryl, or -0(CH 2 ) n -cycloalkyl ; 

R c and R d are independently -R, -CH 2 CH 2 Z/ 

-CH 2 CHZ 2 , -CH 2 CZ 3 , or ! If ; 

R O 

Q is -O- , -NH-, -S-, -CH 2 0-, -CH 2 NH- , or -CH 2 S- ; 
Z is -CI, -Br, or -F; 
20 R, R' , and R' ' are independently hydrogen, alkyl, 

cy cloalky 1 - ( CH 2 ) n - , aryl - ( CH 2 ) n - , heteroaryl - ( CH 2 ) n - , 
-CH 2 -(CH 2 ) n -C0 2 H, substituted cycloalkyl- (CH 2 ) n - , 
substituted alkyl,. substituted aryl- (CH 2 ) n - , or 
substituted heteroaryl- (CH 2 ) - ; and 
25 each n is independently 0 to 5, or the 

pharmaceutically acceptable salts, amides, esters, or 
prodrugs thereof. 

In a preferred embodiment of the compounds of 
Formula II 



15 



30 



Y is / \^ 



R 16. 



U and W are -CO- ; and 
35 X is a bond. 
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In another preferred embodiment of the compounds 



of Formula II, 1A 

R 



Y is 



R 16 



U and W are -CO- ; 
X is a bond; 

R 13 , R a , R 15 , and R 16 are hydrogen; 
10 R 12 and R 11 are hydrogen or alkyl; 

R b is -OR, -0(CH 2 ) n -aryl, -0(CH 2 ) n substituted 
aryl, or -0(CH 2 ) n cycloalkyl; and 

R 14 is -OP0 2 R c R d or -CF 2 P0 3 R c R d . 

In another preferred embodiment of the compounds 
15 of Formula II, 

X is r 19 r 20 c^ ; 




20 Y is /"3c ; and 

— (CRR' ) n 



U and W are -CO- . 

In another preferred embodiment of the compounds 
25 of Formula II, 

X is .r"r 2 °c^ ; 

R 14 

I ^ R 15 

30 Y is /~+"3r 



R 16 

U and W are -CO-; 
R 19 is RCONR'- or RR'NCONR''-; 
35 R 20 , R 15 , R 13 , R 11 / R a , and R 16 are hydrogen; 

R 12 is alkyl or hydrogen; 
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R b is -OR, -0(CH 2 ) n -aryl, -0(CH 2 ) n .substituted 
aryl, or -O (CH 2 ) n cycloalkyl ; and 

R 14 is -OP0 3 R c R d or -CF 2 P0 3 R c R d . 

Also provided by the present invention is method 
of inhibiting the binding of a protein containing an 
SH2 domain to a cognate phosphorylated protein, the 
method comprising administering to a patient in need of 
SH2 inhibition an SH2 inhibiting amount of a compound 
of Formula I or II. 

In another aspect, the present invention provides 
a pharmaceutical composition that comprises a compound 
of Formula I or II and a pharmaceutically acceptable 
carrier. 

In another aspect, the present invention provides 
a method of treating a patient having a proliferative 
disease, the method comprising administering to the 
patient a therapeutically effective amount of a 
compound of Formula I or II. 

In another aspect, the present invention provides 
a method of treating a patient having cancer, the 
method comprising administering to the patient a 
therapeutically effective amount of a compound of 
Formula I or II. 

In another aspect, the present invention provides 
a method of treating a patient having restenosis, the 
method comprising administering to the patient a 
therapeutically effective amount of a compound of 
Formula I or II. 

In another aspect, the present invention provides 
a method of treating a patient having osteoporosis, the 
method comprising administering to the patient a 
therapeutically effective amount of a compound of 
Formula I or II. 

In another aspect, the present invention provides 
a method of treating a patient having inflammation, the 
method comprising administering to the patient a 
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therapeutically effective amount of a compound of 
Formula I or II. 

In another aspect, the present invention provides 
a method of treating a patient having allergies, the 
method comprising administering to the patient a 
therapeutically effective amount of a compound of 
Formula I or II. 

In another aspect, the present invention provides 
a method of treating a patient having cardiovascular 
disease, the method comprising administering to the 
patient a therapeutically effective amount of a 
compound of Formula I or II . 

DETAILED DESCRIPTION OF THE INVENTION 

This invention provides compounds that inhibit the 
binding of proteins containing an SH2 domain with 
cognate phosphorylated proteins. One group of 
compounds of the present invention have the Formula I 




I 



H O 



wherein 

U is -CO-/ -CS-, -SO-, or -S0 2 -; 
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Y is 



- (CRR )- 



13- 




10 





or 



15 



20 



X is r^^c 



/ 
N / 

\ 



or a bond; 



R 1 is hydrogen, RCONR'-, RR'NCONR''-, 
RCSNR' - , RR' NCSNR' ' - , RR ' NS0 2 NR ' ' - , ROCONR' - 



RS0 2 NR' 



or 



NCONR ' 



25 



30 



35 



R 2 is hydrogen, alkyl, cycloalkyl- (CH 2 ) n - , 
substituted alkyl, aryl- (CH 2 ) n - / heteroaryl- (CH 2 ) n - , 
- (CH 2 ) n -C0 2 H, substituted cycloalkyl- (CH 2 ) n - / 
substituted aryl- (CH 2 ) n - , or substituted 
heteroaryl- (CH 2 ) n - ; 

R 3 is hydrogen, alkyl, cycloalkyl- (CH 2 ) n - , 
substituted alkyl, aryl- (CH 2 ) n " > heteroaryl- (CH 2 ) n - , 
- (CH 2 ) n -C0 2 H, substituted cycloalkyl- (CH 2 ) n - , 
substituted aryl- (CH 2 ) n - , or substituted 
heteroaryl - ( CH 2 ) n - ; 

R 4 is hydrogen or alkyl; 
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R' 

R 5 is -NRR', — N \J>^ / or -NCH(CH 3 )R; 

R 

5 R 6 and R 9 are independently -OP0 3 R c R d / 

-CF 2 P0 3 R c R d / -CH 2 P0 3 R c R d / -P0 3 R c R d , ~S0 3 R c , -OS0 3 R c , 
-CH 2 S0 3 R c , -S0 2 NH 2 / -OS0 2 NH 2/ or -CH 2 S0 2 NH 2 ; 

R 7 and R 8 are independently hydrogen, alkyl, 
substituted alkyl, halogen, -OR, -NRR', -COCF 3 , 
10, -(CH 2 ) n CH 2 OH, -(CH 2 ) n C0 2 H, -(CH 2 ) n CHO, - (CH 2 ) n NRR' , or 

-Q-CH 2 - (CH 2 ) n -NRR' ; 

R 10 is -(CH 2 ) n C0 2 H, hydrogen, alkyl, aryl, 
substituted alkyl, or - (CH 2 ) n - substituted aryl; 
R c and R d are independently -R, -CH 2 CH 2 Z, 

15 n o "p ' 

-CH 2 CHZ 2 , -CH 2 CZ 3 , or [ jj ; 

R O 

Q is -0-, -NH-, -S-, -CH 2 0-, -CH 2 NH- , or -CH 2 S-; 
Z is -CI, -Br, or -F; 
20 R, R' , and R' ' are independently hydrogen, alkyl, 

cycloalkyl - ( CH 2 ) n ~ , aryl - ( CH 2 ) n - , heteroaryl - (CH 2 ) n - , 
substituted alkyl, substituted cycloalkyl- (CH 2 ) n - , 
substituted aryl - (CH 2 ) n - , -(CH 2 ) n C0 2 H, or substituted 
heteroaryl- (CH 2 ) n - ; and 
25 each n is independently 0 to 5, or the 

pharmaceutical^ acceptable salts, amides, esters, or 
prodrugs thereof. 

Another group has the Formula II below: 
R 13 Rl2 

30 ^ ^ /( CH 2>— W - N ^ Rl1 




II 



H 



wherein U and W are independently -CO-, -CS- , -SO-, or 



35 "S0 2 - 
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Y is 




/ or 



X is r 19 r 20 c / R 1 ^ N / or a bond; 

x \ 

20 R 11 is hydrogen, alkyl, -OH, substituted alkyl, or 

~NH 2 ; 

R 12 is hydrogen or alkyl; 

R 13 is -(CH 2 ) n C0 2 H / alkyl, - (CH 2 ) n -aryl , 
- ( CH 2 ) n - heteroary 1 , - ( CH 2 ) n - cy cloalky 1 , hydrogen , 
25 substituted cycloalkyl- (CH 2 ) n - , substituted 

aryl- (CH 2 ) n - , substituted heteroaryl- (CH 2 ) n - , or 
substituted alkyl; 

R 14 and R 17 are independently -0P0 3 R c R d , 
-CF 2 P0 3 R c R d , -CH 2 P0 3 R c R d , -P0 3 R c R d , -S0 3 R c , -OS0 3 R c , 
30 -CH 2 S0 3 R c , -S0 2 NH 2 / -OS0 2 NH 2 , or -CH 2 S0 2 NH 2 ; 

R 15 and R 16 are independently hydrogen, alkyl, 
halogen, -OR, -NRR' , -COCF 3 , - (CH 2 ) n CH 2 OH, -(CH 2 ) n C0 2 H, 
-(CH 2 ) n NRR', -(CH 2 ) n CHO, or -Q-CH 2 - (CH 2 ) n -NRR' ; 
R 18 is -(CH 2 ) n C0 2 R, hydrogen, alkyl., 
3 5 - (CH 2 ) n C0NRR' , substituted alkyl, or 

" (CH 2 ) n - substituted aryl; 



BNSDOCID: <WO S712S03A1_I_> 



WO 97/12903 



PCT/US96/15998 



-16- 

R 19 is hydrogen, RCONR' - , RR ' NCONR ' ' - , RS0 9 NR'-, 




RR'NS0 2 NR' ' - , ROCONR'-, or o NCONR ' - 



R 20 is hydrogen, alkyl, cycloalkyl - (CH 2 ) n " / 
substituted alkyl, aryl- (CH 2 ) n - , heteroaryl- (CH 2 ) n " , 
- (CH 2 ) n -C0 2 H, substituted cycloalkyl- (CH 2 ) n - , 
substituted aryl- (CH 2 ) n ~ , or substituted 
heteroary 1 - ( CH 2 ) n - ; 

R a is hydrogen, halogen, or alkyl; 

R b is hydrogen, alkyl, -OR, -O (CH 2 ) n -aryl , -NRR' , 
-0(CH 2 ) n -substituted alkyl-, -SR, -0(CH 2 ) n -substituted 
aryl, or -0(CH 2 ) n -cycloalkyl; 

R c and R d are independently -R, -CH 2 CH 2 Z, 

-CH 2 CHZ 2 , -CH 2 CZ 3 , or f If ; 

R O 

Q is -O-, -NH-, -S-, -CH 2 0-, -CH 2 NH- , or -CH 2 S-; 
Z is -CI, -Br, or -F; 

R, R' , and R'' are independently hydrogen, alkyl, 
cycloalkyl- (CH 2 ) n - , aryl- (CH 2 ) n - , heteroaryl- (CH 2 ) n - , 
-CH 2 - (CH 2 ) n -C0 2 H, substituted cycloalkyl- (CH 2 ) n - , 
substituted alkyl, substituted aryl- (CH 2 ) n - , or 
substituted heteroaryl- (CH 2 ) n - ; and 

each n is independently 0 to 5, or the 
pharmaceutically acceptable salts, amides, esters, or 
prodrugs thereof. 

The term "alkyl" means a straight or branched 
chain hydrocarbon. Preferably, the alkyl group has 
from 1 to 10 carbon atoms. More preferably, the alkyl 
group has from 1 to 6 carbon atoms. Examples of alkyl 
groups include, but are not limited to, methyl, ethyl, 
propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, and 
tert-butyl . 

The terra "cycloalkyl" means a cyclic hydrocarbon, 
which can be saturated or unsaturated. Preferably, the 
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cycloalkyl group has from 3 to 10 carbon atoms. More 
preferably, the cycloalkyl group has from 3 to 6 carbon 
atoms. Examples of cycloalkyl groups include/ but are 
not limited to, cyclopropane/ cyclobutane, 
cyclopentane, cyclopentene, cyclohexane , cyclohexene, 
cycloheptane, cyclooctane, and adamantane. 

The term "aryl" means a cyclic aromatic 
hydrocarbon. Examples of aryl groups include, but are 
not limited to, phenyl and naphthyl . 

The term "heteroaryl " means a cyclic aromatic 
hydrocarbon that contains one or more heteroatom. 
Examples of heteroatoms include, but are not limited 
to, oxygen, nitrogen, and sulfur. Examples of 
heteroaryl groups include, but are not limited to, 
pyridinyl/ furanyl, thiophenyl, and pyrrolyl . 

The terms substituted aryl, substituted phenyl, 
substituted cycloalkyl, substituted heteroaryl, or 
substituted alkyl mean an aryl, phenyl, cycloalkyl, 
heteroaryl, or alkyl group that has one or more , 
substituent. Examples of substituents include alkyl, 
alkoxy, (such as methoxy, ethoxy, or tert-butoxy ) , 
halogen, -N0 2 , -OCH 2 CONH 2 , -OCH 2 C0 2 H, -SO3H, -C0NH 2 , 
-S0 2 NH 2 , or -CH 2 0H, and the like. 

The symbol n - n means a bond . 

Examples of proteins that contain an SH2 domain 
include, but are not limited to, Src, Fyn, Lck, Yes, 
Blk, Lyn, Fgr, Hck, Yrk, and Abl . Preferably, the 
protein is Src, and most preferably the protein is 
pp60c-src. 

The term "cognate phosphorylated protein" means a 
protein to which the SH2 domain of a protein containing 
an SH2 domain binds or is associated. Examples of 
cognate phosphorylated proteins include, but are not 
limited to, PDGF receptor protein, EGF receptor 
protein, HER2/Neu receptor protein (an oncogene form of 
EGF. receptor protein), fibroblast growth factor 
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receptor protein, focal adhesion kinase protein, 
pl30 protein, and p68 protein. 

The compounds and pharmaceutically acceptable 
compositions that contain the compounds can be 
5 administered to humans and animals either orally, 

rectally, parenterally (intravenous, by intramuscularly 
or subcutaneously) , intracisternally , intravaginally , 
intraperitoneally , intravesically , locally (powders, 
ointments or drops), or as a buccal or nasal spray. 

10 Compositions suitable for parenteral injection may 

comprise physiologically acceptable sterile aqueous or 
nonaqueous solutions, dispersions, suspensions, or 
emulsions and sterile powders for reconstitution into . 
sterile injectable solutions or dispersions. Examples 

15 of suitable aqueous and nonaqueous carriers , diluents, 

solvents or vehicles include water, ethanol, polyols 
{ propyleneglycol , polyethyleneglycol , glycerol , and the 
like), suitable mixtures thereof, vegetable oils (such 
as olive oil), and injectable organic esters such as 

20 ethyl oleate. Proper fluidity can be maintained, for 

example, by the use of a coating such as lecithin, by 
the maintenance of the required particle size in the 
case of dispersions, and by the use of surfactants. 

These compositions may also contain adjuvants such 

25 as preserving, wetting, emulsifying, and dispensing 

agents . Prevention of the action of microorganisms can 
be ensured by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol , phenol, 
sorbic acid, and the like. It may also be desirable to 

30 include isotonic agents, for example, sugars, sodium 

chloride, and the like. Prolonged absorption of the 
injectable pharmaceutical form can be brought about by 
the use of agents delaying absorption, for example, 
aluminum monostearate and gelatin . 

35 Solid dosage forms for oral administration include 

capsules, tablets, pills, powders, and granules. In 
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such solid dosage forms, the active compound is admixed 
with at least one inert customary excipient (or 
carrier) such as sodium citrate or dicalcium phosphate 
or (a) fillers or extenders/ as for example, starches, 
lactose, sucrose, glucose, mannitol, and silicic acid, 
(b) binders, as for example, carboxymethylcellulose, 
alignates, gelatin, polyvinylpyrrolidone, sucrose and 
acacia, (c) humectants , as for example, glycerol, 

(d) disintegrating agents, as for example, agar-agar, 
calcium carbonate, potato or tapioca starch, alginic 
acid, certain complex silicates and sodium carbonate, 

(e) solution retarders, as for example, paraffin, 

(f) absorption accelerators, as for example, quaternary 
ammonium compounds, (g) wetting agents, as for example, 
cetyl alcohol and glycerol monostearate, 

(h) adsorbents, as for example, kaolin and bentonite, 
and (i) lubricants, as for example, talc, calcium 
stearate, magnesium stearate, solid polyethylene 
glycols, sodium lauryl sulfate, or mixtures thereof. 
In the case of capsules, tablets, and pills, the dosage 
forms may also comprise buffering agents. 

Solid compositions of a similar type may also be 
employed as fillers in soft- and hard-filled gelatin 
capsules using such excipients as lactose or milk sugar 
as well as high molecular weight polyethyleneglycols, 
and the like. - 

Solid dosage forms such as tablets, dragees, 
capsules, pills, and granules can be prepared with 
coatings and shells, such as enteric coatings and 
others well known in the art. They may contain 
opacifying agents, and can also be of such composition 
that they release the active compound or compounds in a 
certain part of the intestinal tract in a delayed 
manner. Examples of embedding compositions which can 
be used are polymeric substances and waxes. The active 
compounds can also be in micro-encapsulated form, if 
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appropriate, with one or more of the above-mentioned 
excipients . 

Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, 
5 solutions, suspensions, syrups, and elixirs. In 

addition to the active compounds, the liquid dosage 
forms may contain inert diluents commonly used in the 
art, such as water or other solvents , solubilizing 
agents and emulsifiers, as for example, ethyl alcohol, 
10 isopropyl alcohol , ethyl carbonate, ethyl acetate, 

benzyl alcohol, benzyl benzoate, propyleneglycol , 
1, 3-butyleneglycol, dimethylf ormamide, oils , in 
particular, cottonseed oil, groundnut oil, corn germ 
oil, olive oil, castor oil and sesame oil, glycerol, 
15 tetrahydrofurfuryl alcohol, polyethyleneglycols , and 

fatty acid esters of sorbitan or mixtures of these 
substances, and the like. 

Besides such inert diluents, the composition can 
also include adjuvants , such as wetting agents, 
20 emulsifying and suspending agents, sweetening, 

flavoring, and perfuming agents. 

Suspensions, in addition to the active compounds, 
may contain suspending agents, as for example, 
ethoxylated isostearyl alcohols, polyoxyethylene 
25 sorbitol and sorbitan esters, microcrystalline 

cellulose, aluminum metahydroxide , bentonite, agar -agar 
and tragacanth, or mixtures of these substances, and 
the like. 

Compositions for rectal administrations are 
30 preferably suppositories which can be prepared by 

mixing the compounds of the present invention with 
suitable non- irritating excipients or carriers such as 
cocoa butter, polyethyleneglycol or a suppoisitory wax, 
which are solid at ordinary temperatures but liquid at 
35 body temperature and therefore, melt in the rectum or 

vaginal cavity and release the active component. 
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Dosage forms for topical administration of a 
compound of this invention include ointments, powders; 
sprays and inhalants. The active component is admixed 
under sterile conditions with a physiologically 
acceptable carrier and any preservatives, buffers or 
propellants as may be required. Ophthalmic 
formulations, eye ointments, powders, and solutions are 
also contemplated as being within the scope of this 
invention . 

The term "pharmaceutically acceptable salts, 
esters, amides, and prodrugs" as used herein refers to 
those carboxylate salts, amino acid addition salts, 
esters, amides and prodrugs of the compounds of the 
present invention which are, within the scope of sound 
medical judgement, suitable for use in contact with the 
tissues of patients without undue toxicity, irritation, 
allergic response, and the like, commensurate with a 
reasonable benefit/risk ratio, and effective for their 
intended use, as well as the zwitterionic forms, where 
possible, of the compounds of the invention. The term 
"salts" refers to the relatively non-toxic, inorganic 
and organic acid addition salts of compounds of the 
present invention. These salts can be prepared in situ 
during the final isolation and purification of the 
compounds or by separately reacting the purified 
compound in its free base form with a suitable organic 
or inorganic acid and isolating the salt thus formed. 
Representative salts include the hydrobromide, 
hydrochloride, sulfate, bisulfate, nitrate, acetate, 
oxalate, valerate, oleate, palmitate, stearate, 
laurate, borate, benzoate, lactate, phosphate, 
tosylate, citrate, maleate, furaarate, succinate, 
tartrate, naphthylate mesylate, glucoheptonate, 
lactiobionate and laurylsulphonate salts, and the like. 
These may include cations based on the alkali and 
alkaline earth metals, such as sodium, lithium, - 
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potassium, calcium, magnesium, and the like, as well as 
nontoxic ammonium, quaternary ammonium and amine 
cations including, but not limited to ammonium, 
tetramethylammonium, tetraethylammonium, methylamine, 
dimethy lamine , tr imethy lamine , triethy lamine , 
ethylamine, and the like. (See, for example, 
Berge S.M., et al . , "Pharmaceutical Salts," J. Pharm. 
Sci . , 1977;66:1-19 which is incorporated herein by 
reference. ) 

Examples of pharmaceutically acceptable, non-toxic 
esters of the compounds of this invention include C^-Cg 
alkyl esters wherein the alkyl group is a straight or 
branched chain. Acceptable esters also include C5-C7 
cycloalkyl esters as well as arylalkyl esters such as, 
but not limited to benzyl. C-^-C^ alkyl esters are 
preferred. Esters of the compounds of the present 
invention may be prepared according to conventional 
methods. Particularly preferred esters are 
phosphoesters . Examples of suitable phosphoesters 
include, but are not limited to -P0 3 R c R d , 
-CF 2 P0 3 R c R d , and -CH 2 P0 3 R c R d , where R c and R d are as 
defined above. (See, for example, Jones R.J. and 
Bischof berger N . , "Minireview: nucleotide prodrugs", 
Antiviral Research , 1995;27:1-17, which is incorporated 
herein by reference. 

Examples of pharmaceutically acceptable, non- toxic 
amides of the compounds of this invention include 
amides derived from ammonia, primary C^-Cg alkyl amines 
and secondary C^-C^ dialkyl amines wherein the alkyl 
groups are straight or branched chain. In the case of 
secondary amines, the amine may also be in the form of 
a 5- or 6-membered heterocycle containing one nitrogen 
atom. Amides derived from ammonia, c i~ c 3 alkyl primary 
amides and ^^^2 di alk Yl secondary amides are 
preferred. Amides of the compounds of the invention 
may be prepared according to conventional methods . 
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The term "prodrug" refers to compounds that are 
rapidly transformed in vivo to yield the parent 
compound of the above formulas, for example, by 
hydrolysis in blood. A thorough discussion is provided 
in T. Higuchi and V. Stella, "Pro-drugs as Novel 
Delivery Systems," Vol. 14 of the A.C.S. Symposium 
Series, and in Bioreversible Carriers in Drug Design, 
ed. Edward B. Roche, American Pharmaceutical 
Association and Pergamon Press, 1987, both of which are 
incorporated herein by reference. 

The compounds of the present invention can be 
administered to a patient at dosage levels in the range 
of about 1 to about 7,000 mg/day . For a normal human - 
adult having a body weight of about 70 kg, a dosage in 
the range of about 1 to about 100 mg/kg of body weight 
per day is sufficient. The specific dosage used, 
however, can vary. For example, the dosage can depend 
on a number of factors including the requirements of 
the patient, the severity of the condition being 
treated, and the pharmacological activity of the 
compound being used. The determination of optimum 
dosages for a particular patient is well known to those 
skilled in the art. 

The compounds of the present invention can exist 
in different stereoisometric forms by virtue of the 
presence of asymmetric centers in the compounds. It is 
contemplated that all stereoisometric forms of the 
compounds as well as mixture thereof, including racemic 
mixtures, form part of this invention. 

In addition, the compounds of the present 
invention can exist in unsolvated as well as solvated 
forms with pharmaceutically acceptable solvents such as 
water, ethanol, and the like. In general, the solvated 
forms are considered equivalent to the unsolvated forms 
for the purposes of the present invention. 
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The examples presented below are intended to 
illustrate particular embodiments of the invention and 
are not intended to limit the specification or the 
claims in any . manner, 

5 

EXAMPLES 

The following abbreviations may be used in the 
present application : 



Abu 


o ~ Aminobutyric acid 


Ac 


Acetyl 


Ala 


Alanine 


Arg 


Arginine 


Asn 


Asparginine 


Asp 


Aspartic acid 




leruiary du LyioxycarDonyi 


Bn 


Benzyl 


Cbz 


Benzyloxycarbonyl 


Cys 


Cysteine 


CF 3 S0 2 H 


Trif luoromethanesulf onic acid 


DCC 


N, N' -Dicyclohexylcarbodiimide 


DCM 


Dichloromethane 


DIC 


N, N ' -Diisopropylcarbodiimide 


DIEA 


N, N ' -Diisopropylethylamine 


DMAP 


4 -Dimethylaminopyridine 


DMF 


N, N' -Dimethylf ormamide 


EDCI 


N- Ethyl - N ' -Dimethy laminopropyl - 




carbodiimide 
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EtOAc 


Ethyl acetate 


Et 2 0 


Diethyl ether 


Fmoc 


9 - Fluorenylmethy loxycarbonyl 


Gin 


Glutamine 


Glu. 


Glutamic acid 


Gly 


Glycine 


HC1 


Hydrochloric acid 


His 


Histidine 


HOAc 


Acetic acid 


HOBT 


1-Hydroxybenzotriazole 


He 


Isoleucine 


iprOH 


Isopropanol 


KOH 


Potassium hydroxide 


Leu 


Leucine 


Lys 


Lysine 


MeCN 


Acetonitrile 


MeOH 


Methanol 


Met 


Methionine 


NHOS 


N - Hydroxy s uc c i n imide 


NMP 


N-Methylpyrrolidone 


Phe 


Phenylalanine 


Pro 


Proline 


rt 


Retention time 


Ser 


Serine 


TFA 


Trif luoroacetic acid 


THF 


Tetrahydrof uran 


Thr 


Threonine 
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Trp Tryptophan 
Tyr Tyrosine 
Val Valine 



EXAMPLE 1 

fS- (R* .R*l 1 -4- r2-Acetvl amino-3- ( 4 -phosphonooxy-phenvll 
propionvlaminol - 4- f f 3 - cvclohexvl ■ propyl 1 -methvl - 
carbamoyll-butvric acid or 
10 Ac- ro-phosphono) -L-Tvr-L-Glu-N(methvl) ( 3 -cvclohexvl- 

propyl) 




O Me 




flj-.^p 1: Fmoc -L-GluYOtBu>-rt(methvlW3-cvclohexvl- 
propyl) 

To methyl ( 3 -cyclohexylpropyl ) amine hydrochloride 
(5.0 mmol, 960 mg) in tetrahydrof uran (20 mL) was added 

25 Fmoc-L-Glu(OtBu) (5.5 mmol, 2.34 g) followed by 

sequential addition of 1-hydroxybenzotriazole 
(6.25 mmol, 84 5 mg), N-methylmorpholine (12.5 mmol, 
1.37 mL) , and 1- ( 3 -dime thy laminopropyl ) - 3 -ethyi- 
carbodiimide hydrochloride (6.25 mmol, 1.2 g) . After 

30 stirring 16 hours at room temperature, diethyl ether 

was added, and the remaining residue was dissolved in 
water. The mixture was separated, washed with 10% 
sulfuric acid, water, then saturated sodium 
bicarbonate, and then brine to provide product as a 

35 colorless foam (2.59 g, 92%). X H NMR (CDC1 3/ 300 MHz): 
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6 0.87 (m, 2H), 1.17 (m, 6H), 1.46 (s, 9H), 
1.50-1.80 (m, 8H), 2.05 (m, 1H) , 2.33 (m, 2H), 
2.95-3.11 (s, 3H, rotational isomers), 3.18-3.58 
(m, 2H), 4.21 (t, 1H), 4.36 (m, 2H) , 4.70 (m, 1H), 
5.80 (dd, 1H), 7.27-7.45 (m, 4H) , 7.60 (m, 2H), 7.77 
(d, 2H); IR (CHC1 3 ):- 1719, 1642 cm" 1 ; Mass Spectrum 
(Chemical Ionization, 1% NH 3 in CH 4 ) m/z 563(M+H). 
Step 2; Ac-L~Ty?r-L-glu(OtBu) -Nfmethyl) 

f 3 : gyglohexylproPYl ) 

To Fmoc-L-Glu (OtBu ) - N (methyl ) ( 3 -cyclohexylpropyl ) 
(2.0 mmol, 1.12 g) in dichlorome thane (20 mL) was added 
piperidine (4 mL) . After 20 minutes, toluene (20 mL) 
was added, and the solvent was removed under reduced 
pressure. Toluene (20 mL) was again added, and the 
solvent was evaporated. The resulting residue was 
dissolved in tetrahydrof uran (15 mL) and coupled with 
Ac-L-Tyr (2.2 mmol, 491 mg) in the manner described 
above to give a solid residue upon work -up. 
Chromatography of the residue (3:7, tetrahydrof uran/ 
dichloromethane) gave product as a colorless foam 
(880 mg, 81%). 1 H NMR (DMSO, 300 MHz): « 0.85 
(m, 2H), 1.03-1.30 (m, 6H), 1.40 (s, 9H) , 1.40-1.90 
(m, 10H), 1.75 (s, 3H), 2.20 (t, 3H) , 2.60 (dd, 1H) , 
2.78-2.95 (s, 3H, rotational isomers), 3.10-3.30 
(m, 2H), 4.44 (m, 1H) , 4.70 (m, 1H) , 6.61 (d, 2H) , 7.00 , 
(d, 2H), 7.96 (d, 1H) , 8.01 (t, 3H) , 9.15 (s, 1H) ; IR 
(CHC1 3 ): 1720, 1639 cm" 1 ; Mass Spectrum (Chemical 
Ionization, 1% NH 3 in CH 4 ) m/z 546 (M+H) . 

Step 3 : Ac- ( O-ohosphono ^ -L-Tvr-L-Glu-N(methvl ) 

( 3 - gy clohexy Ipropyl ) 

To Ac-L-Tyr-L-Glu(OtBu) -N(methyl) (3 -cyclohexyl- 
propyl) (0.40 mmol, 218 mg) in dichloromethane (5 mL) 
was added tetrazole (0.80 mmol, 56 mg) and di-tert- 
butyl diethylphosphoramidate (0.60 mmol, 0.17 mL) . 
After 3 hours, thin layer analysis indicated the 
reaction was complete and tert-butylhydroperoxide 
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(2.4 mmol, 0.22 mL) was added. After 2 hours, ethyl 
acetate was added, and the organic phase was washed 
with 10% sulfuric acid, water, 2% sodium hydroxide, and 
then saturated sodium chloride. The solvent was 
5 removed under reduced pressure to give an oil (432 mg) . 

This oil was treated with trif luoroacetic acid (15 mL) 
and water (1 mL) for 1 hour. The solvent was removed 
under reduced pressure, and the residue was 
precipitated with diethyl ether to give a colorless - 

10 solid. Preparative HPLC of crude product (75 mg) 

employing a Vydac C18 (22 x 250 mm) column eluting with 
a gradient of 0% to 30% acetonitrile containing 0.1% 
trif luoroacetic acid and water containing 0.1% 
trif luoroacetic acid (TFA) provided pure product after 

15 lyophilization (31 mg) . HPLC 100%, rt - 17.3 minutes, 

C18 (analytical column, Vydac, 4.6 x 250 mm), eluting 
with a gradient of 0% to 66% acetonitrile containing 
0.1% TFA and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 

20 0.1% ammonium hydroxide) m/z 569.5 (M-H) . 



EXAMPLE 2 

4- f f S ) - 2 - Acetvlamino- 3 - r 4 - phosp honooYy -phenyl ^ - rs^ 
propionvlaminol -4 - ( 2-cvclQhexyl - fSM-met.hyl - 
25 ethvlcarbamovl ^ -butvric acid or 

Ac - fO-phosphono^ -L-Tyr- L-Glu-NHf (S^2-cvclohexyl- 
1-methy lethyH 



30 



35 
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The title compound was synthesized in a manner 
similar to that described for Example 1. Product was 
obtained as a colorless solid (160 mg) . HPLC 100%, 
rt = 16.2 minutes, C18, eluting with a gradient of 0% 
5 to 66% acetonitrile containing 0.1% TFA and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 555.4 (M-H) . 

10 EXAMPLE 3 

4 - r 1 S ) - 2 - Ace tY l amino- 3 - ( 4 -ph osphonooxv-phenvl ) - ( S 1 - 
ProPionvl -amino! -4- ( 2-cvcl ohexvl -( gj -1 -methyl -ethyl ) - 
methvl- carbamoyl) -butvric acid or 
Ac- fO-phosphono) - L-Tvr- L-Glu - N f m ethvl ) ( f «n - 

15 2-cvclohexyl-l-methylethyl ) 



20 



25 



C0 2 H 




30 



35 



The title compound was synthesized in a manner 
similar to that described for Example 1. Product was 
obtained as a colorless solid (117 mg) . HPLC 93%, 
rt = 17.5 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 569.5 (M-H). 
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EX AMPLE 4 

4- f (RS) -2-Acetv lamino-3- f 4- ( dif luoro-phosphono-methvl ) - 
phenyl 1 - rs^ -propionylaminol -4- f ( 3 -cYclohexvl -propyl ) - 
methyl -carbamoyl 1 -butvric acid or 
Ac- f 4- (dif luorophosphonomethvll ) -D/L-Phe-L-Glu- 

N< methyl) ( 3-cyclQhexylprppyl) 




Step 1: Boc- r 4- (diethoxyphosphonyl ^- 
dif luoromethyll -D/L-Phe Benzvl ester 

Boc- [4- (diethoxyphosphonyl) -dif luoromethyl ] - 
D/L-Phe Benzyl ester can be prepared in accordance with 
methods well known to those skilled in the art. (See, 
for example, Burke, et al . , J. Org , Chem. , 
1993;58(6) :1336-1340. ) 

Step 2: Ac- f4- rdiethoxvphosphonyl) - 

dif luorpmethyll -P/L-Phe 

Ac- [4- (diethoxyphosphonyl) dif luoromethyl] -D/L-Phe 
was prepared in a manner similar to that described for 
Example 5 (Step 1) . 

Step 3 : Ac- ( 4- ( dif luoro phosphonomethvl^ ^ -D/L--Phe- 
L-Glu-N f m ethyl w 3 - cvclohexvlpropvl ) 

The title compound was then synthesized in a 
manner similar with the substitution of Example 1, 
Ac- [4- (diethoxyphosphonyl) -dif luoromethyl] -D/L-Phe for 
Ac-L-Tyr. . The crude peptide was deprotected with 
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trif luoroacetic acid/trimethysilyl triflate/ 
ethanedithiol/m-cresol/dimethylsulf ide ( 4/1/0 . 1/ 
0.003/1) for 2 hours at room temperature. Careful 
addition of water then ether quenched the reaction . 
Preparative HPLC, as previously described, of the 
aqueous layer provided product as a colorless solid 
after lyophilization (29 mg) . HPLC 93%, 
rt = 15.1 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum ( 50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 603.4 (M-H) . 

EXAMPLE 5 

fS- (R* , RM1 -4- f 2-Acetvlamino-3- f 4- ( dif luoro-phosphono- 
methvl) -phenyl! -propionvlaminol -4 - [ ( 3-cyclohexyl- 
propvl> -methvl- carbamoyl! -butyric acid or 
Ac - ( 4 - ( d i f luorophosphonome thvl n-L- Phe -L-Glu-N< methyl ) 
( 3 -cyclohexYlpropyl ) 




Step 1; Ac- f4~ ( diethoxvphosphonyll - 

di f luoromethy 1 1 - L - Phe 

Boc- [4- (diethoxyphosphonyl ) -dif luoromethyl] -L-Phe 
Benzyl ester can be prepared in accordance with methods 
well known to those skilled in the art. (See, for 
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example, Smythe and Burke, Tett , Lett , , 1994 ; 35 ( 4 ) : 551- 
554 . ) Boc- [4 - (diethoxyphosphonyl) -dif luoromethyl] -L- 
Phe Benzyl ester (1.75 mmol, 950 mg) was deprotected 
with 20 mL trif luoroacetic acid : dichloromethane (1:1) 
5 for 5 hours at 0°C. The reaction was diluted with 

200 mL of ethyl acetate and washed with saturated 
sodium bicarbonate then saturated sodium chloride, 
dried with sodium sulfate, filtered, and concentrated 
under reduced pressure to yield 795 mg of a colorless 

10 oil. The crude oil was treated with acetic anhydride 

(10 mmol,. 944 jaL) and pyridine (15 mmol, 1.21 mL) in 
2 0 mL dichloromethane for 4 hours at room temperature 
then 2 days at 4°C. The reaction was diluted with 
4 00 mL of ethyl acetate and washed with saturated 

15 sodium bicarbonate, 5% hydrochloric acid, saturated 

sodium bicarbonate, then saturated sodium chloride, 
dried with sodium sulfate, filtered, and concentrated 
under reduced pressure to yield 1.2 g of a pale yellow 
oil. Chromatography of the residue (20:1, 

20 dichloromethane : methanol) gave 719 mg (85%) of the 

product as a colorless oil . Removal of the benzyl 
ester with hydrogen and palladium on carbon (20%) in 
ethanol gave, after filtration and concentrating, under 
reduced pressure, 564 mg (99%) of a solid foam-. 1 H NMR 

25 (DMSO, 400 MHz): 6 1.20 (t, 6H), 1.76 (s, 3H), 2.90 

(dd, 1H), 3.12 (dd, 1H) , 4.07 (m, 4H) , 4.44 (m, 1H), 
7.39 (d, 2H), 7.46 (d, 2H) , 8.22 (d, 1H) ; Mass Spectrum 
(Chemical Ionization, 1% NH 3 in CH 4 ) m/z 394 (M+H) . \ 

Step 2; Ac - M - f Dif luorophosohonomethvl M - L - Phe - L - 

30 glU'Nf methyl )f 3 - cyclohexvlpropy I ) 

The title compound was synthesized in a manner 
similar to Example 4 only Ac- [4 - (diethoxyphosphonyl ) 
dif luoromethyl] -L-Phe was coupled rather than the D/L 
mixture. The purified peptide (30 mg) was deprotected 
35 with 1 M trimethysilyl triflate and 2 M dimethylsulf ide 

in trif luoroacetic acid (3 mL) for 16 hours at room 
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temperature . Water was added to quench excess 
trimethysilyl triflate, and the resulting solution was 
concentrated at reduced pressure to remove volatiles . 
The remaining solution was diluted with trif luoroacetic 
acid and water and purified by preparative HPLC, as 
previously described, to provide the product as a 
colorless solid after lyophilization (22 mg). HPLC 
100%, rt - 16.6 minutes, C18,. eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 603 (M-H) . 

EXAMPLE 6 

fS - <R* ,R»M -4- 1 r 3-Cvcioh exyl-propvH -methyls - 
carbamoyl 1 -4- T 2- f (morpholine - 4 -carbonvl) -ami n ol : 3 - f 4 : 
phosphonooxy- phenyl V-p ropionylaminol -butvric acid or 
4-Morpholinecar bonyl- (O-phosphono ^ -L-Tvr-L-GlU" 
N^nethvl ) r3-cyclohexvlpropyll 




Stj£B 1 - 4-Morpholinecarbonvl-L-TvrfBzll-Q Pzl 
To H-Tyr(Bzl) -Obzl -p-tosylate (7.5 mmol, 4.0 g) in 
dichloromethane (50 mL) at 0°C was added 
N-methylpiperidine (7.5 mmol, 0.7 5 g) followed by 
dropwise addition of 4-morpholinecarbonyl chloride 
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(7.5 mmol, 1.13 g) . After stirring 12 hours at room 
temperature, the mixture was washed sequentially with 
10% sulfuric acid, water, saturated sodium bicarbonate 
and brine to provide product as an oil (3.81 g, 99%). 

Step 2; 4-MorphQlinerar bQnyl -T,-Tvr-OH 

A mixture of 4 -Morpholinecarbonyl-L-Tyr (Bzl ) -OBzl 
(8.0 mmol, 3.81 g), methanol (50 mL) , and 10% palladium 
on carbon (0.50 g) was stirred under a hydrogen 
atmosphere for 2 0 hours. The mixture was filtered over 
Celite, and the solvent was removed at reduced pressure 
to give (2.35 g, 97%) of the product as an oil. 

Step 3 ; 4 -MorDhQlinecar bonYl-T.-Tyr-L-GI u r Ot.Bn ^ - 

Nfmethvl) ( 3 -cvclohexvlpropvl ^ 

To Fmoc-LGlu(OtBu)-N( methyl) ( 3 -cyclohexylpropyl ) 
(2.0 mmol, 1.12 g) in dichloromethane (20 mL) was added 
piper idine (4 mL) . After 20 minutes toluene (20 mL) 
was added, and the solvent was removed under reduced 
pressure. Toluene (20 mL) was again added, and the 
solvent was evaporated. The resulting residue was 
dissolved in Dimethylf ormamide (20 mL) and coupled with 
the 4-Morpholine-carbonyl-L-Tyr-OH (2.0 mmol, 6 00 mg) 
in a manner similar to that described for Example 1 to 
give a solid residue upon work-up. Chromatography of 
the residue (2:8, tetrahydrof uran/dichloromethane) gave 
product as a colorless foam (700 mg, 63%). 

Step 4 ; 4 -Morphol ineca rbony 1 - f O- phoaphono ^ - L - Tyr - 

L-Glu-Nfmethvl^ ( 3 -cyclohexylpropyl ) 

The reaction was carried out in a manner similar 
to that described for Example 1 (Step 3). The product 
was obtained as a white solid (83 mg). HPLC 89%, 
rt ■« 17.7 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 63 9.4. 
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EXAMPLE 7 

r S - ( R» . R» 11 - 4 - r f 3 -Cvclohexvl -propyl > -methyl - carbamoyl 1 - 

4- f 2- (3 -methyl -ureidcn -3- H-phosphoncQxy-phenyl) : 
propionylflmincl -butyric acid or 

N- f fMethvlaminolcarbonvll- ( Q-phosphono > -L-Tyr-L-Glu- 

N f methyl ) f 3 - cyclchexy lprcpy 1 ) 




Step 1; N- r (Methylamino)carbpnyll -L~Tyr (Ball -QBzl 

To H-Tyr (Bzl) -OBzl -p-tosylate (11.2 mmol, 6.0 g) 
in tetrahydrofuran (50 mL) at. 0°C was added 
N-methylpiperidine (3.60 mL) followed by dropwise 
addition of methyl isocyanate (14.6 mmol, 0.8 5 g) in 
tetrahydrofuran (5 mL) . After stirring 2 hours at room 
temperature, the mixture was evaporated to dryness 
under reduced pressure. Chromatography of the residue 
(1:4, ethyl acetate :hexane) provided the product as a 
white foam (4.72 g, 9 9%). 

Step 2; N- f fMethylaminoKarbonyll -L-Tyr-QH 

A mixture of N-methylcarbonyl -L-Tyr (Bzl ) -OBzl 
(4.8 mmol, 2.0 g), methanol (50 mL) , and 10% palladium 
on carbon (0.50 g) was stirred under a hydrogen 
atmosphere for 20 hours. The mixture was filtered over 
Celite, and the solvent was removed at the reduced 
pressure to give (1.27 g, 97%) of the product as an 
oil . 



Step 3 ; N- r (Methvlamino^carbnny ll -L-Tyr-L- 

GlufOtBu> -Nf methvl^ ( 3 -cvclohgxyl propyl I 

To Fmoc-L-Glu(OtBu) -N (methyl) ( 3-cyclohexylpropyl ) 
(5.3 mmol, 2.98 g) in dichloromethane ( 20 mL) was added 
piperidine (4 mL) . After 20 minutes toluene (20 mL) 
was added/ and the solvent was removed under reduced 
pressure. Toluene (20 mL) was again added, and the 
solvent was evaporated. The resulting residue was 
dissolved in dimethyl forraamide (20 mL) and coupled with 
the N-methylcarbonyl-L-Tyr-OH (5.3 mmol, 1.27 g) in a 
manner similar to that described for Example 1 to give 
a solid residue upon work-up. Chromatography of the 
residue (2:8, tetrahydrof uran/dichloromethane) gave 
product as a colorless foam (2.0 g, 67%). 

Step 4 : N- f (Methylamin o^ carbonyll - ( Q-phosphono> - 

L-Tvr-L-Glu-Nfmethvl> ( 3 -cvclohexvlpropyl ^ 

The reaction was carried out in a manner similar 
to that described for Example 1 (Step 3). Product was 
obtained as a white solid (67 mg) . HPLC 97%, 
rt - 18.4 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 583.5 (M-H) . 

EXAMPLE 8 

rs-fR*,R»)1 -Phosphoric acid mono- F4- ( 2-acetvlamino-2- 
f 1 - f ( 3 -cvclohexvl - propyl ) -methyl - carbamoyl 1 - 
DropylGarbamoyl 1 -ethvl ^ -phenyl 1 ester or 
Ac - ( Q - Phosphono 1 - L - Tvr - L - Abu - N ( methvl W 3 - cy c lohexy 1 - 

propyl) 
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10 The title compound was synthesized in a manner 

similar to that described for Example 1. The product 
was obtained as a colorless solid (78 mg) . HPLC 100%, 
. rt = 19.2 minutes, C18 , eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 

15 containing 0.1% TFA over 22 minutes. Electrospray Mass 

Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 524.4 (M-H). 

EXAMPLE 9 

20 rS-fR».R»>1 -Phosphoric acid mon o- T4 - ( 2-acetylamino-2- 

f 1 : r ( 3 - c v cl ohexvl : Propyl ) -methvl - carbamoyl 1 - 
pentvlcarbamoyl 1 -ethyl ^ -phenyl] ester or 
AC- fO-phPSPhono^ -L-Tvr-L-Nle-Nf met hvl ^ < 3 -cvclohexyl- 

propyl) 

25 



30 



35 
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The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (92 mg) . HPLC 100%, 
rt « 21.5 minutes, C18, eluting with a gradient of 0% 
5 to 66% acetonitrile containing 0.1% TFA and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitriie/water +0.1% ammonium 
hydroxide) m/z 552.4 (M-H) . 

10 EXAMPLE 10 

r S - f R» . R» li W f 4 - ( 2 - Acetvlamino- 2 - Q - [ ( 3 - cvclohexy 1 - 
propyl) -methyl -carbamoyl! - propyl c a rbamoyl ) -ethyls - 
phenvll -dif luoro-methvl) -phosphonic acid or 
Ac - ( 4 - ( di f luorophosphonomethy 1 ULlLz Phe - L - Abu - N ( methyl ) 

15 ( 3 - cy clohexvlpropvl 1 



20 




Step 1; Boc -L-Abu-N- ( methyl W 3 - cy c lohexy lpropy 1 ) 

Boc-L-Abu-N (methyl) (3 -cyclohexylpropyl) was 
30 synthesized in a manner similar to that described for 

Example 1 (Step 1) to yield a colorless oil. 
1 H NMR (CDC1 3 , 400 MHz): 6 0.87 (m, 2H), 0.93 (t,. 3H) , 
1.17 (m, 6H), 1.43 (s, 9H) , 1.50-1.80 (m, 7H) , 2.92 + 
3.03 (s, 3H, rotational isomers), 3.23-3.44 (m, 2H), 
35 4.54 (m, 1H) , 5.40 (2d, 1H, rotational isomers). 
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fitep 2: Ac- (4- ( di f luorophosphonomethvl ^ ^ -L-Phe-L- 

Afru-Nf methyl ) f 3 - cyclohexylpropyl ) 

Ac- ( 4 - ( dif luorophosphonomethyl ) ) -L-Phe-L-Abu-N- 
(methyl) ( 3 -cyclohexylpropyl) was synthesized in a 
manner similar to that in Example 5 (Step 2) only Boc- 
L-Abu-N- (methyl ) ( 3 -cyclohexylpropyl ) was used rather 
than Fmoc-L-Glu-N (methyl) (3 -cyclohexylpropyl ) , and was 
deprotected with TFA . The purified peptide (80 mg) was 
deprotected with 1 M trimethysilyl tr if late and 2 M 
dimethylsulf ide in trif luoroacetic acid (5 mL) for 
3 hours at 0°C and 1 hour at room temperature. Water 
was added to quench excess trimethysilyl trif late, and 
the resulting solution was concentrated under reduced 
pressure to remove volatiles . The remaining solution 
was diluted with trif luoroacetic acid and water and 
purified by preparative HPLC/ as previously described, 
to provided the product as a colorless solid after 
lyophilization (51 mg) . HPLC 100%, rt - 18.0 minutes, 
C18, eluting with a gradient of 0% to 66% acetonitrile 
containing 0.1% TFA and water containing 0.1% TFA over 
22 minutes. Electrospray Mass Spectrum (50/50 
acetonitrile/water + 0.1% ammonium hydroxide) m/z 558 
(M-H). 

EXAMPLE 11 

4- r (S^i -2-Acetvlamino-3- f 4 -phosphonooxv-phenvH - (S) - 

prcpicnylamincl -5-qxp-5- ( f S) -2-phenethYl-pyrrclidin-l- 
yl) -pentanoic acid 
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10 




The title compound was synthesized in a manner 
similar to that described for Example 1. The product 

15 was obtained as a colorless solid (51 mg) . HPLC 100%, 

rt «= 15.7 minutes, C18, eluting with a gradient of 10% 
to 76% acetonitrile containing 0.1% TFA, and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

20 hydroxide) m/z 595.5 (M-H) . 

EXAMPLE 12 

4- r ( S) -2-Acetvlamino-3- M-phosp honooyy-phenvl^ (S}- 
propi on vl amino 1-5-r2-us>-2 - cvciohgxvl - ethyl ^ - 

25 pyrrolidin-l-vll -5-oxo-pentanoin aniri 
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The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (51 mg) . HPLC 100%/ 
rt = 13.3 minutes, C18, eluting with a gradient of 10% 
5 to 76% acetonitrile containing 0.1% TFA, and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 589.4 (M-H) . 

10 EXAMPLE 13 

rs-fR*,R»n-4-T2 - Acetylamino - 3 - ( 4 - phosphonooxy- phenyl ^ - 

prcpicnylamincl '4- L2z f 5 , 6 , 7 « 8-tetrahydrc-naphthalen- 
1-yl) -ethylcarbamoyll -butyric acid 



15 



20 



co 2 h 




25 The title compound was synthesized in a manner 

similar to that described for Example 1. The product 
was obtained as a colorless solid (178 mg) . HPLC 93%, 
rt = 15.6 minutes, C18, eluting with a gradient of 10% 
to 76% acetonitrile containing 0.1% TFA, and water 

30 containing 0.1% TFA over 22 minutes. Electrospray Mass 

Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 588.3 (M-H). 
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EXAMPLE 14 

rs- (R* lRZJ 1 -4- f2-Acetvlamino- 3- ( 4 -phosphonooxy- phenyl > - 
propionvlaminol -4 - ( 3 -phenyl -prop ylcarbamoyl) -butyric 
3£LLd or 

AC- fO-phQSPhono^L-Tvr-L-Glu-NHr3- phenvlpropyl^ 




The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless powder (52 mg) . HPLC 100%, 
rt - 14.0 minutes, C18 , column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 548.3 (M-H) . 

EXAMPLE 15 

f S - f R* i R» ) 1 - 4 - T 2 - Acety laminp - 3 - f 4 - Phosphoriopxy - phenyl ) - 
propionvlaminol -4- r (haphthalen-l-vlmethvl^ -carbamoyl 1 - 

butyric acid 
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10 



15 



20 



25 



30 





H 2°3 P ° 



The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless powder (35 mg). . HPLC 100%, 
rt - 14.6 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 571.5 (M-H) . 

EXAMPLE 16 

fS- (R* rRM 1 t4- r2-Acetvlamino-3- ( 4 -phosphonooxv- phenyl > - 
propionvlaminol -4 ■Phenethvlcarbamoyl-butyric acid or 
Ac- fO-phosDhono^L-Tvr-L-Glu-NHf 2-phenylethyl ^ 



H 2 0 3 P- 




35 
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The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless powder (27 mg) . HPLC 100%, 
rt -» 12.5 minutes, C18, column eluting with a gradient 
5 of 0% to 66% acetonitrile containing 0.1% TFA and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 534.5 (M-H) . 



10 EXAMPLE 17 

4- f ( -2-Acetylamino-3- ( 4 -phosphonooxy-phenyl ) - <S) - 
propionvlaminol -4- fmethvl- ( LSJ -1 -methyl -2 -phenyl - 
ethyl) -carbamoyl! -butyric acid or 

Ac- (O-Phosphono^ -L-Tvr-L-Glu-Nf methyl > ( ( S > -1-methvl- 
15 2-phenylethyl^ 



20 




25 

The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (176 mg) . HPLC 91%, 
rt - 13.8 minutes, C18 , eluting with a gradient of 0% 
30 to 66% acetonitrile containing 0.1% TFA and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 563.4 (M-H). 



RNSDOcm- <wn Q7ippnr^Ai \ * 



WO 97/12903 



PCT/US96/15998 



-45- 
EXAMPLE 18 

4- T (S^ -2-Acetvlamino-3- M-phosph onooxy -ph enyl > - ( S) - 
propionvlaminol -4- ( (S) - 1-methvl- 2 -phenyl - 

ethylcarbamoyl) -butyric acid or 

5 Ac- ro-phosphoncn -L-Tvr-L-Glu-NHr (S^ -l-methyl-2- 

phenylethyl ) 

C0 9 H 

10 „ „ H || f H 



15 H 2°3 P O 

The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (251 nig.). HPLC 100%, 
20 rt - 13.6 minutes, C18, eluting with a gradient of 0% 

to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 549.4 (M-H) . 

25 

EXAMPLE 19 

fS- LEI rR*l 1 "4- f 2-frcetylaminQ-3- f 4 -pfrcsphonocxy- phenyl) ~ 
propionvlaminol -4- fmethvl - r 3 -phenyl-propyl ^ -carbamovll - 
butyric acid or 

30 Ac- (Q-phcgphcno) -L-Tyr-k-Glu-Nf methyl ) { 3-pfrenylpropyl) 
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The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (108 mg) . HPLC 85%, 
rt - 14.5 minutes, C18 , eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 562.5 (M-H) . 

EXAMPLE 20 

fS-fR* ,R»M -Phos phoric acid mono- ( 4 - f 2-acetvlamino-2- 
f 2 - f 4 - hy droxy -phenyl ^ - 1- ( 3 - phenyl - propyl carbamoyl ) - 
ethyl -ca rbamoyl! -ethvl ) -phenyl ) ester 




The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
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was obtained as a colorless powder (110 mg) . HPLC 
100%, rt = 15.6 minutes, C18, column eluting with a 
gradient of 0% to 66% acetonitrile containing 0.1% TFA 
and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 584.3 (M-H) . 



10 



15 



20 



EXAMPLE 21 

rs- (R* , R*n -4- r2-Acetylamino- 3- ( 4 -phosphonooxv-phenyl i 
ProPionvlaminol -4 - f 2 - ( 2 -methoxv- phenyl ) - 
ethvlcarbamovll -butvric acid or 

AC- fO-phosphono) -L-Tvr-L-Glu-NH F 2 - ( 2-methoxvphenyl ) - 
e th yl j 

co 2 h 



H 2 0 3 P- 




The title compound was synthesized in a manner 
25 similar to that described for Example 1. The product 

was obtained as a colorless powder (62 mg) . HPLC 98%, 
rt = 14.6 minutes, C18 , column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
30 Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

hydroxide) m/z 579.4 (M-H). 
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EXAMPLE 22 

f s- (R* .R* VI -4- r2-AcetYlamino-3- M-phosp honooxY~Phenvl> - 
propionvlaminol - 4 - < 2-p-tolYl-ethylcarbamoyl \-butvric 
acid or 

Ac- fO-phosphono^ -L-Tvr-L-Glu-NH f 2- ( 4 -methvlphenvl > - 

ethyl 1 



10 



15 



H 2 Q 3 P- 




Me 



The title compound was synthesized in a manner 
20 similar to that described for Example 1. The product 

was obtained as a colorless powder (109 mg) . HPLC 92%, 
rt - 13.7 minutes, C18 , column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
25 Spectrum (50/50 acetonitrile/water + 0 . 1% ammonium 

hydroxide) m/z 548.4 (M-H) . 



EXAMPLE 23 

f S - t R* . R* 12 -4 - f 2 -Acetyl amino- 3 - ( 4 -phosphonooxv-phenvl ) - 
30 prop-iony! amino! -4-f r 2 - ( 2 -methoxv-phenvl V-ethvl 1 -methvl - 

carbamoyl ^ -butvric acid or 

Ac - fO-phosphono^ - L-Tyr-L-Glu-N ( mef.hvl ) r 2 - f 2 - 

rcethoxyphenyl ) -ethyl 1 
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Step 1; N- (t-Butvloxvcarbonvl 1 - 1 - r 3 - 

methoxyphenyl ) -ethyl amine 

To 2-methoxyphenylethylamine (163 mmol, 24 g) in 
tetrahydrofuran (150 mL) at 0°C was added triethylamine 
(180 mmol, 25 mL) followed by dropwise addition of di- 
t-butyloxycarbonyl dicarbonate (180 mmol, 39.15 g) in. 
75 mL of tetrahydrofuran. After 12 hours, the solvent 
was evaporated. The resulting residue was dissolved in 
ethyl acetate (150 mL) , washed with 10% sulfuric acid, 
then saturated sodium bicarbonate to provide the 
product as white solid (45 g, 99%). 

Step 2; N-methvl-2- r2-mef.hnyvph envl ^ - ethvlamine 

To N- (t-Butyloxycarbohyl) - 2- ( 2 -methoxyphenyl ) - 
ethylamine (182.7 mmol, 4 5.9 g) in dry tetrahydrofuran 
(200 mL) at 0°C was added, in portions, lithium 
aluminum hydride (219.2 mmol, 8.3 g) under N 2 . After 
stirring at 0°C for 1 hour, the ice -bath was removed 
and then the reaction heated to reflux for 24 hours, 
cooled to room temperature then to 0°C; the excess 
lithium aluminum hydride was destroyed very carefully 
with 20% potassium hydroxide solution (1.3 equivalent). 
After removing the salt by filtration, the filtrate was 
dried then evaporated to dryness to give product as a 
white solid (26.2 g, 87%). 

Step 3; Fmoc-L-GlufOtBul -Nf methyl) T2- f2- 

methoxypheny 1 ) - ethvl 1 
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The compound was synthesized in a manner similar 
to that described for Example 1 (first step). 

St.ep 4 : A c: -T. - Tvr - L - G lu ( OtBu \zM methvl ) [ 2 - f 2 - 
methoxyp heny 1 > - ethyl 1 
5 The compound was synthesized in a manner similar 

to that described for Example 1 (second step). 

Step 5: Ac- ( O-phosphono ) - L-Tvr-L'Glu ~N (methyl ) \2~ 
( 2 - metho xypheny 1 ^ - ethvl 1 

The title compound was synthesized in a manner 
10 similar to that described for Example 1. The product 

was obtained as a white solid (400 mg) . HPLC 100%, 
rt = 13.2 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
15 Spectrum (50/50 acetonitrile/water +0.1% ammonium 

hydroxide) m/z 578.4 (M-H) . 

EXAMPLE 24 

fS- (R* , R* M -4- r2-Acetvlamino-3 - ( 4 -phosphonooxv-phenvl ) - 
20 propiony 1 ami nol -4 - f 3 - ( 3 - carbamoylmethoxy-phenyl ) 1 

propvlca rbamovll -butvric acid or 

Ac - ( O - phosphono ^ -T .- Tyr - L- Glu-NHf3-r3-fQ-a CetaiUiflP V Z 
phenyl 1 propyl) 
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Step 1: 3 - ( 3 -Hvdroxvpheny 1 > -propyl alcohol 

To 3 -( 3-hydroxyphenyl ) -propionic acid (60.2 mmol, 
10.0 g) in dry tetrahydrof uran (200 mL) at 0°C was 
added, in portions, lithium aluminum hydride 
(72.2 mmol, 2.74 g) under N 2 . After stirring at 0°C 
for 1 hour, the ice-bath was removed and then the 
reaction heated to reflux for 24 hours, cooled to room 
temperature then to 0°C; the excess lithium aluminum 
hydride was destroyed very carefully with 20% potassium 
hydroxide solution (1.3 equivalent). After removing 
the salt by filtration, the filtrate was dried then 
evaporated to dryness to give product as a white solid 
(7.2 g, 78%) . 

Step 2: 3- f3- (Q-acetamitio) -phenyl! -propyl alcohol 

To 3- (3-hydroxyphenyl) -propyl alcohol (10.73 mmol, 
1.63 g) in acetone (75 mL) was added 2-bromoacetamide 
(11.80 mmol, 1.62 g) and potassium carbonate 
(11.80 mmol, 1.63 g) . The reaction mixture was heated 
to reflux for 48 hours, cooled to room temperature, 
filtered, then the filtrate was concentrated to give 
product as white solid , (2. 20 g, 98%). 

Step 3 : 3- T3- ( O- acetamido > - phenyl 1 -pr opyl- (O- 

methanesulf onyl ) 

To 3- [3- (0- acetamido) -phenyl] -propyl alcohol 
(11.80 mmol, 2.20 g) in dichloromethane (50 mL) at 
-10°C ( ice/methanol ) was added triethylamine 
(17.70 mmol, 2.5 mL) , then dropwise addition of 
methanesulfonyl chloride (12.40 mmol, 1 mL) : After 
stirring at -10°C for 1 hour, the reaction mixture was 
washed with water, 10% H2S0 4 , saturated sodium 
bicarbonate, dried (MgS0 4 ), filtered, and concentrated 
to give product as an oil (2.98 g, 88%). 

Step 4: 3- f3- ( O- acetamido > -phenyll -propyl azide 
To 3- [3- (O- acetamido) -phenyl] -propyl- (O-methane- 
sulfonyl) (10.40 mmol, 2.9 8 g) in dimethylf ormamide 
(30 mL) was added sodium azide (13.6 mmol, 0.90 g) . 
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After stirring at room temperature for 4 8 hours, the 
reaction mixture was quenched using water, then 
extracted with ether (4x100 mL) , washed with saturated 
sodium bicarbonate, dried (MgS0 4 ), filtered, then 
concentrated to give product as colorless oil (1.90 g, 
78%) . 

Step 5; 3- r3-fO-acetamido> -Phenyl! -propyl amine 

3- [3- (O-acetamido) -phenyl] -propyl azide 
(8.10 mmol, 1.90 g) was catalytically reduced using 5% 
palladium on carbon (0.50 g) in tetrahydrof uran 
(75 mL) . Hydrogenation was carried out on a Parr 
apparatus for 15 hours at 50 psi H 2 . After filtration, 
the solvent was removed under reduced pressure. The 
product was obtained as a white solid (1.28 g, 75%). 

Step 6; FmQC-L-Glu(QtBu) -NHf 3~ f 3- f Q-acetamido) - 

phenyl! -propyl} 

This compound was synthesized in a manner similar 
to that described for Example 1 (Step 1) . 

Step 7; Ac-L-Tvr-L-glufQtBu) -NHf 3" 13- (Q- 

acetamido ) -phenyl 1 propyl ] 

This compound was synthesized in a manner similar 
to that described for Example 1 (Step 2) . 

Step 8: Ac- ( Q- Phos phono > -L-Tvr-L-Glu-NH f3- f 3 - (O- 

acetamido ) - phenyl 1 propyl 1 

The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a white solid (70 mg). HPLC 93%, 
rt t 12.2 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 622.4 (M-H) . 
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EXAMPLE 25 

rs-(R*.R*n-4-ff2- r2-Acetvlamino-3- f 4 -ph osphonooxy- 
Phenvl) -propionvlaminol -propionvl) - ( 3 -cvclohexyl - 
propyl ) -amino! -butyric acid or 

5 Ac - ( O-phosphono ) -L-Tvr-L - Ala - N ( 3 - carbo xvpropyl ) 

{ 3 - cyclohexylprcpyl ) 



10 



15 




The title compound was synthesized in a manner . 
similar to that described for Example 1. The product 

20 was obtained as a colorless powder (51 mg) . HPLC 100%, 

room temperature 19.9 minutes, CIS, column eluting with 
a gradient of 0% to 66% acetonitrile containing 0.1% 
TFA and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 

25 0.1% ammonium hydroxide) m/z 582.3 (M-H) . 

EXAMPLE 26 

rs-fR*rR*)l-4-ff2-r2- ftcety 1 amino - 3 - f 4 - phosphoncoxy - 
. Phenyls -propionvlaminol -propionyl) - ( 3 -phenyl-propyl ) - 
30 amine 1 -butyric acid or 

Ac- fQ-phosphono)-L-Tyr-L-Ala-N( 3-carbcxyprcpyl) 
( 3-phenylprcpyl) 
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Step 1; Aminobutanoate-aairana-t ert-butyl ester 
Aminobutanoate- gramma -tert- butyl ester can be 
prepared in accordance with methods well known to those 
skilled in the art. (See, for example, Sluka, et al., 
J . Amer . Chem . Soc , . 1990; 112 : 63 69-6374 . ) 

Step 2; 4- (3 -Phenyl -propylamine) -butyric acid 

tert- butyl ester 

To a solution of aminobutanoate- gramma -tert -butyl 
ester in N, N- dimethyl formamide (500 mL) at room 
temperature was added triethylamine (28 mL, 
210.2 mmol), followed by dropwise addition of 1-bromo- 
3 -phenylpropane (15.2 mL, 100.6 mmol). The reaction 
was stirred overnight at room temperature then 
concentrated under reduced pressure to 20 mL. The 
residue was then diluted with ethyl acetate and washed 
with saturated sodium chloride (3X250 mL) , dried over 
magnesium sulfate, filtered, and concentrated under 
reduced pressure to yield a white powder. The powder 
was dried under reduced pressure to yield (27.0 g, 
99%). 1 H NMR (400 MHz, DMSO) : 6 9.00 (bs, 1H) , 7.30 
(m, 2H), 7.21 (m, 3H) , 2.86 (m, 4H) , 2.65 (t, 2H) , 2.32 
(t/ 2H), 1^94 (dt, 2H), 1.85 (dt, 2H) , 1.40 (s, 9H) ; 
Mass Spectrum (Chemical Ionization, 1% NH 3 in CH 4 ) 
m/z 27 8 (M+H) . 
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Step 3; Ac- fO-PhQSPhono^L-Tvr-L-Ala-wn- 

propvlcarboxv) ( 3 -phenyl propyl ) 

The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
5 was obtained as a. colorless powder (127 mg) . HPLC 

100%, rt = 15.1 minutes, C18, column eluting with a 
gradient of 0% to 66% acetonitrile containing 0.1% TFA 
and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
10 0.1% ammonium hydroxide) m/z 576.7 (M-H) . 

EXAMPLE 27 

rS-fR»,R»)1-5-rf2-r2 - Acetyl amino - 3 - t 4 - phosphononyy - 
phenyl > -propionvlamino l -propionyl) - f 3 -phenyl -propyl ^ - 
15 aminol -pentanoic acid or 

Ac-fO-phQSPhono) -L-Tvr-L-Ala-Nf 4 -c arboxvbutyl ^ 
(3-phenylprQPYl) 

C0 9 H 

I 

20 V. 




The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless powder (76 mg) . HPLC 100%, 
rt = 16.1 minutes, C18, column eluting with a gradient 
35 of 0% to 66% acetonitrile containing 0.1% TFA and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
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Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 590.3 (M-H). 

EXAMPLE 28 

5 r.q-fR*,R*M-Phos phoric acid mono- f 4 - ( 2 -acetvlamino-2- 

M - fbutv l - ^-phenyl -propyl ) -carbamoyl 1 -ethvl carbamoyl} - 

ethyl) -phenyl! ester 



10 



15 




20 The title compound was synthesized in a manner 

similar to that described for Example 1. The product 
was obtained as a colorless powder (59 mg) . HPLC 100%, 
rt = 18 .5 minutes, C18 , column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 

25 containing 0.1% TFA over 22 minutes. Electrospray Mass 

Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 547.4 (M-H). 

EXAMPLE 29 

30 r s - / r» , r» n - 4 - r 2 - A cety lamino - 3 - ( 4 - p nosphonoox v-Phenvl ) ~ 

prnpionvl amino! - 4 - r 3 - ( 4 - carboxvmel-hoxv-phenvl ) - 
p-ropylcarhamovll -butyric acid or 

Ac- fO-phosphono^ - T .-Tyr-L-Glu-NHf 3 - f 4 - rO-acetlC acid)- . 
phenyl 1 propyl 1 
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The title compound was synthesized in a manner 
similar to that described for Example 1. The product 

15 was obtained as a white solid (60 mg) . HPLC 93%, 

rt = 12.7 minutes, C18 , eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

20 hydroxide) m/z 623.4 (M-H) . 

EXAMPLE 30 

4- r (S) -2-Acetvlamino-3- ( 4 -phosphonooxy-phenyl ^ - (S^ - 
r propionvlaminol - 5 - ( ( S ) - 2 -benzvl -pyrrolidin - 1 -yl ^ - 5 - 

25 oxQ-pentflnoic acid or 

Ac- (O-Phosphono^ -L-Tvr-L-Glu-L-Pro r 2-d ecarboxy-2- 

bensyl) 
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5 




10 

The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (167 mg) . HPLC 100%, 
rt - 15.4 minutes, C18, eluting with a gradient of 0% 
15 to 66% acetonitrile containing 0.1% TFA and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitr ile/water + 0.1% ammonium 
hydroxide) m/z 575.5 (M-H) . 

20 EXAMPLE 31 

L-Tyrosinamider N'agetyl-Q-phosphQnp-L-tyrQsyl-N^ (3- 

phenylpropyl ^ -O-phosphono- or 

Ac- fO-phosphonoY-L-Tvr- fQ-phos phono^ -L-Tyr-NHf 3- 

phenylpropyl) 



25 



30 
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The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (64 mg). HPLC 96%, 
rt = 14.5 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing^ 0 . 1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 663.3 (M-H) . 



10 



15 



20 



25 



30 



EXAMPLE 32 * 

4 : f ( RS ) z 2 : { Acetyl -methvi - amino a - 3 - 1 4 - phosphonooxy - 
Phenyl )-(S) -propi onvlami no l - 4 - / 3 -phenyl - 
propvlcarbamovl ^ - butyri r ariH or 

AC- fN-methvlWO-phosphono^ -D/L-Tyr-TL-Glu-NHn- 

Phenylpropyl) 




h 2 o 3 p- 



The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (52 mg) . HPLC 100%, 
rt = 14.9 and 15.13 minutes, C18, eluting with a 
gradient of 0% to 66% acetonitrile containing 0 . 1% TFA 
and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 563.6 (M-H). 



35 
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EXAMPLE 3 3 

TS-fR»-.R »n -4- f 2-Met■hanesulfonvlaIn^no-3-^- 
phC)SPhQnC>PXy-phgnyl ) -propionylaminQl -4- ( 3 -phenyl - 
p ropy 1 carbamoyl > -butvric acid or 
5 Methylsulfonvl- fQ-phosphono^ -L-Tvr-L-Glu-NHf 3- 

phenylpropyl y 



10 



15 




The title compound was synthesized in a manner 
similar to that described for Example 1. The product 

20 ' was obtained as a colorless powder (71 mg) . HPLC 83%, 
rt - 15.6 minutes, C18 column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

25 hydroxide) m/z 584.3 (M-H) . 



EXAMPLE 34 

TS-rR*.R»n - T4- f 2-Acetvlamino-2-f 1- f ^3-cvclohexvl- 
propyl ) -m ethvl -carbamoyl 1 -propvlcarbamovl 1 -ethvl ) - 
30 phenyl 1 - phosohonic acid or 

Ac- ( 4-phosphonvll -L-Phe-L-Abu-Nf methvl) 
( 3 -cyclohexvlpropvl ) 



BNSOOCID <WO 9712903A1 I > 



WO 97/12903 



PCT/US96/15998 



-61- 




Stgp 1 : AC- f 4 - f diethovyp hosphonyl VI -L-Phg , 

Ac- [4- (diethoxyphosphonyl) ]-L-Phe was prepared in 
a manner similar to Ac- [4- (diethoxyphosphonyl) - 
difluoromethyl] -L-Phe, except starting, from Boc-[4- 
( diethoxyphosphonyl) -dif luoromethyl] -L-Phe Benzyl 
ester, which can prepared in accordance with methods 
well known to those skilled in the art. (See, for 
example, Thurieau, et al . , J . Med.Ch^m. . 1994 ; 37 : 625- 
629.) (See Example 5, Step 1.) Deprotection, 
acetylation, and hydrogenation yielded a solid foam. 
1 H NMR (DMSO, 400 MHz): 6 1.22 (t, 6H) , 1.77 (s, 3H) , 
2.91 (dd, 1H), 3.10 (dd, 1H), 3.33 (m, 4H) , 4.44 
(m, 1H), 7.38 (dd, 2H), 7.61 (dd, 2H), 8.22 (d, 1H) ; 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 342 (M-H) . 

Step 2; A C" f 4-PhQSPhonvl \ -L-Phe-L-Abu-Nrmethyl ^ 

( 3-cvclohexylpropyl ) 

The title compound was synthesized in a manner 
similar to Example 10 except Ac- [4- (phosphonyl) - 
difluoromethyl] -L-Phe was coupled in rather than Ac-[4- 
( diethoxyphosphonyl) difluoromethyl] - L-Phe. The 
purified peptide (30 mg) was deprotected with 
trimethysilyl bromide (1 mL) in dichloromethane (2 mL) 
for 4 hours at room temperature. Water (1 mL) and 
trifluoroacetic acid (1 mL) were added to quench excess 
trimethysilyl bromide, and the resulting solution was 
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10 



concentrated at reduced pressure to remove volatiles . 
An additional 1 mL of TFA was added, -and the mixture 
was concentrated to -200 jiL and then precipitated with 
diethyl ether. The resulting solid was filtered, 
washed with diethyl ether, and dried under vacuum 
overnight to yield 27 mg of an off-white solid. HPLC 
98%, rt * 18.6 minutes, C18, eluting with a gradient of 
0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 508 (M-H) . 



15 



20 



25 



30 



35 



EXAMPLE 3 5 

rs^ -4- r3-Carboxy methyl-3- ( 4-phosphonooxv-benzvH - 
ureidol - 4 - \ ( 3-cvclohexvl -propyls -methvl- carbamoyl! 
butyric acid 




h 2 o 3 p— G 



To Glu(OtBu) -N(Me) -3-cyclohexylpropyl (3 60 mg, 
1.0 mmol) synthesized as an intermediate in Example 1, 
ice, dichloromethane (20 mL), and saturated sodium 
bicarbonate (20 mL) in a separatory funnel was added 
phosgene in toluene (7.5 equiv.). The mixture was 
shaken for 5 minutes, then the organic layer was 
separated, dried over magnesium sulfate, and 
concentrated to give the isocyanate as a colorless oil 
The isocyanate was treated in dichloromethane (20 mL) 
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with 4 -hydroxybenzyl glycine -t -butyl ester (250 mg, 
1.0 mmol) and triethylamine (0.15 mL, 1.0 mmol) for 
1 hour. Ethyl acetate was added, and the reaction 
mixture was washed with 10% sulfuric acid, then water, 
and then brine. After drying over magnesium sulfate, 
the solvent was removed under reduced pressure to give 
then urea as a colorless oil (500 mg, 83%). The crude 
urea was phosphorylated, oxidized, deprotected, and 
purified in a manner similar to Example 1, giving the 
title compound (49 mg) as a colorless solid. HPLC 
100%, rt - 17.4 minutes, C18, eluting with a gradient 
of 0% to 66% acetonltrile containing 0.1% TFA, and 
water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 552.4 (M-H) . 

EXAMPLE 36 

( S ) - 4 - r ( 3 -Cvclohexvl - propyl ) -methyl - carbamoyl 1 - 4 - f 3 - ( 6 - 
Phosphonoxv-naphthalen-l-vl^ -ur eidol -butvric acid . 




Step 1; fS)-2-f3--{6 - Hydroxy - naphthalan - 1 - yl ) - 

ureidPl-pentaneflj-oic acid s^tert-butyl ester l-methyl 
ester 

To H-Glu(OtBu) -OCH 3 (2.0 mmol, 0.50 g) in 
dichloromethane (25 mL) at 0°C was added pyridine 
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(8 mmol, 0.66 mL) then followed by dropwise addition of 
phosgene in toluene (3.0 mmol, 1.60 mL, 1.92 M) . After 
stirring at 0°C for 2 hours, l-amino-6-naphthol 
(2.0 mmol, 0.32 g) was added in dichloromethane . After 
5 stirring at room temperature for 12 hours, the reaction 

mixture was evaporated to dryness and purified on 
silica gel (1:19, methanol/dichloromethane) to provide 
product as a light brown solid (0.71 g, 88%). 

Step 2; (S) -2- r3-(6-Hvdroxv-naphthalen-1-yl >- 

10 ureidol -pentanedioic acid 5-tert -butvl ggj^r 

To. the methyl ester from Step 1 above (5 mmol, 
2.0 g) was added, potassium hydroxide (5 mmol, 0.28 g) 
in water (7 mL) , and heated at 50°C. After stirring 
for 36 hours, the reaction mixture was evaporated to 
15 dryness, the residue was dissolved in water (15 mL), 

acidified to pH »5 using 0.50N hydrochloric acid, 
extracted with the ethyl acetate (4X50 mL) , and dried 
to provide product as a light brown oil (1,20 g, 62%). 

Step 3: rS^-4- \ ( 3 -Cvclohexvl- propyl ^-methyl - 
20 carbamoyl! -4 - \ 3 - ( 6 -hydroxy - naphthalen - 1 -yl A -ureidol - 

butyric acid tert-butvl ester 

This step was synthesized 'in a manner similar to 
that described for Example 1 (Step 1). 

Step 4; f S ) - 4 : f ( 3 -Cyglohexy 1 - propyl ) -methyl z 

25 carbamoyl 1 -4 - f 3 - ( 6- phosphonoxv - naphtha 1 en - 1 - y 1 \ 

ureidol -butyric acid 

The title compound was synthesized in a manner 
similar to that described for Example 1. Product was 
obtained as a white solid (27 mg) . HPLC 100%, 

30 rt - 18.9 minutes, C18, eluting with a gradient of 0% 

to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 549.4 (M-H) . 

35 
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EXAMPLE 3 7 

fS- (R* ,R*M -4- r2-Acetvlamino-3- (4 -phosph onooxy-phenyl ^ - 
propionvlaminol -4 - ( 5 -methvl -hexvlcarbamovl ) -butvric 

aci d or 

5 Ac- fO-phosphono> -L-Tvr-L-Glu-N( 5 -methvlhexvl ^ 



10 



15 




The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a colorless solid (154 mg) . HPLC 95%, 
20 rt = 15.2 minutes, C18, eluting with a gradient of 0% 

to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 529.6 (M-H) . 

25 

EXAMPLE- 38 

rs- (R* ,R*n -4- f2-Acetylamino-3- ( 4 -phosphonooxv-phenvl ) - 
propionvla minol -4- (4 -methvl -hexvlcarbamovl ) -butvric 
acid or 

30 Ac- fO-pho sphono^ -L-Tvr-L-Glu-NH ( ( R , S) - 4 -methvlhexvl ) 



BNSOOCID: <WO 9712903A1_I_> 



WO 97/12903 



PCT/US96/15998 



-66- 



C0 2 H 



10 



H 2 0 3 P- 
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The title compound was synthesized in a manner- 
similar to that described for Example 1. The product 
was obtained as a colorless solid (91 mg) . HPLC 94%, 
rt - 15.1 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 528.5 (M-H) . 

EXAMPLE 39 

Phosphoric acid mono- T4- ( 4 -benzyloxy- 3- carbamoyl - 
benzvlcarbamovl ) -phenyl 1 ester 

O 

■CONH* 



H 2 Q 3 P 




The title compound was synthesized in a manner 
similar to that described for Example 44. The product 
was obtained as a colorless powder (21 mg) . HPLC 100%, 
rt - 14.8 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
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containing 0.1% TFA over. 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 455.2 (M-H) . 

EXAMPLE 4 0 

Phosphoric acid mono- f 4- f 3 -carbamoyl- 4- (3-methyl- 
benzvloxv ) -benzvlcarbamovl 1 -phenyl ) ester 



10 



15 



CONH* 




The title compound was synthesized in a manner 
similar to that described for Example 44 . The product 

20 was obtained as a colorless powder (73 rag). * HPLC 100%, 

rt * 16.9 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

25 hydroxide) m/z 469.3 (M-H). 



30 



EXAMPLE 41 

Phosphoric acid mono- f 4 - \ 3 -carbamoyl -4 - ( 3 , 5 -dimethyl - 

frensyloxy) -benzylcarframQyii -phenyl) ester 
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H 2 Q 3 P O 




CONH- 




CH- 
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The title compound was synthesized in a manner 
similar to that described for Example 44 . The product 
was obtained as a colorless powder (85 mg) . HPLC 100%, 
rt 17.2 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water "+ 0.1% ammonium 
hydroxide) m/z 483.4 (M-H) . 

EXAMPLE 42 

PhQSPhoric acid mono - f 4 - r 3 ■ ca r bamoy 1 ■ 4 - f 4 - methyl ■ 
pentVloxv^ -benzvlcarbamovll -phe nyl 1 

O 

-CONHn 



H 2 0 3 P« 





CH- 



The title compound was synthesized in a manner 
similar to that described for Example 44. The product 
was obtained as a colorless powder (8 mg) . HPLC 100%, 
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rt = 18.7 minutes, C18 , column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
5 hydroxide) m/z 449.4. (M-H) . 

EXAMPLE 43 

Phosphoric acid mono- f 4- f 3 -carbamoyl -4- r 4 -methyl - 
hexvloxv^-benzvlcarbamoyll -phenyl! ester 




The title compound was synthesized in a manner 
. similar to that described for Example 44. The product 
was obtained as a colorless powder (100 mg) . HPLC 99%, 
rt * 18.3 minutes, C18, column eluting with a gradient 
25 of 0% to 66% acetonitrile containing 0.1% TFA and water 

containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 463.4 (M-H). 

30 EXAMPLE 44 

Phosphoric acid mono- U- ( 3 -carb amoyl - 4 -c vclohexvl- 
methoxy-benzvlcarbamoy l ) -phenyl! ester 
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35 



Step 1; 5-Aminomethvlsal levlic arid 

5-Aminomethylsalicylic acid can prepared in 
accordance with methods well known to those skilled in 
the art. (See, for example, Sekiya, et al . , Chem . 
Pharm. Bull,/ 1963 ; 11 : 551-553 . ) 

Step 2: 5- f tert-Butoxycarbonvl ami no-methyl > -2- 
hydroxy -ben zoic acid 

To a solution of 5-aminomethylsalicyclic acid 
(8.3 g, 49,7 mmol) in 100 mL water and 100 mL of 
dioxane at 0°C was added IN sodium- hydroxide ( 54 . 7 mL, 
54.7 mmol) followed by di- tert-butyl dicarbonate 
(11.9 g, 54.7 mmol). The reaction was allowed to warm 
slowly to room temperature and stirred overnight. The 
reaction was then concentrated under reduced pressure 
to 15 mL. A layer of ethyl acetate was then added, and 
the reaction was acidified to pH 2 with saturated 
potassium hydrogen sulfate. The aqueous layer was then 
extracted with ethyl acetate (3X150 mL) . The combined 
ethyl acetate layers were combined and washed with 
saturated sodium chloride (1X150 mL) , dried over 
magnesium sulfate, filtered, and concentrated under 
reduced pressure to yield a white powder . The powder 
was collected and washed with ether , followed by drying 
under reduced pressure to yield (11.5 g, 87%). ^-H NMR 
(400 MHz, DMSO) : 8 7.67 (s, 1H), 7.38 (d, 2H), 6.91 
(d, 1H), 4.04 (d, 2H), 1.41 (s, 9H) . Mass Spectrum 
(Chemical Ionization, 1% NH 3 in CH 4 ) m/z 268 (M+H) . 
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Step 3 : ( 3-CarbamQvl-4-hvdroxvbenzvl) -carbamic 
aciti tert-frutyl ester 

To a solution of 5- ( tert-Butoxycarbonylamino- 
methyl ) -2 -hydroxy-benzoic acid (20.0 g, 74,9 mmol ) in 
700 mL tetrahydrof uran at 0°C was added 4 -methyl 
morpholine (12.3 mL, 112.3 mmol), 1-hydroxybenzo- 
triazole (15.2 g, 112.3 mmol), followed by l-(3- 
dimethylaminopropyl ) - 3 -ethylcarbodiimide hydrochloride 
(21.5 g, 112.3 mmol). Stir for 1 hour at 0°C, then 
added concentrated ammonium hydroxide (15.2 mL, 
112.3 mmol). The reaction was allowed to warm slowly 
to room temperature and stirred overnight.. The 
reaction was then diluted with ethyl acetate and washed 
with 5% citric acid (3X250 mL) , saturated sodium 
bicarbonate (3X250 mL) , and saturated sodium chloride 
(1X250 mL) , dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure to yield a pale 
yellow powder. The powder was collected and washed 
with ether, followed by drying under reduced pressure 
to yield (14.0 g, 71%). X H NMR (400 MHz, DMSO) : 6 
12.77 (bs, 1H), 8.33 (bs, 1H) , 7.72 (d, 1H) , 7.28 
(d, 2H), 6.84 (d, 1H) , 4.05 (d,2H), 1.38 (s, 9H) ; 
Mass Spectrum (Chemical Ionization, 1% NH 3 in CH 4 ) 
m/z 267 (M+H) . 

Step 4 : ( 3 -Carbamoyl -4 -cyclohexylmetho xy-benzvl ) - 

carbamic acid tert-butyl ester 

To a solution of (3-Carbamoyl-4-hydroxy-benzyl) - 
carbamic acid tert-butyl ester (2.0 g, 7.5 mmol) in 
15 mL methanol at room temperature was added cesium 
carbonate (2.7 g, 8.3 mmol). The reaction was stirred 
overnight . The reaction was then concentrated under 
reduced pressure. N, N- dimethyl formamide (50 mL) was 
then added, and the reaction was then reconcentrated 
under reduced pressure to remove any remaining 
methanol. The residue was then suspended in N,N- 
dimethylf ormamide (15 mL) and cyclohexylmethyl bromide 
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(1.1 mL, 8.3 mmol) was then added, and the reaction was 
heated at 65°C for 4 hours. The reaction was then 
concentrated under reduced pressure. The residue was 
diluted with ethyl acetate and 5% citric acid. The 
organic layer was washed with 5% citric acid (2X50 mL) , 
IN sodium hydroxide (2X50 mL) , 5% citric acid 
(2X50 mL), and saturated sodium chloride (1X50 mL), 
dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure to yield a pale 
yellow powder. The powder was collected and washed 
with ether, followed by drying under reduced pressure 
to yield (1.5 g, 57%). NMR (400 MHz, DMSO) : 6 7.68 

(bs, 1H), 7.52. (d, 2H), 7.36 (t, 1H), 7.27 (d, 2H) , 
7.05 (d, 1H), 4.04 (d, 2H) , 3.88 (d, 2H) , 1.76-1.61 
(m, 6H), 1.36 (s, 9H), 1.28-1.02 (m, 5H) ; Mass 
Spectrum (Chemical Ionization, 1% NH 3 in CH 4 ) m/z 363 
(M+H) . 

Step 5; Benzamide, 2- ( cvclohex ylmethoxy > -5- f f T/4- 

hvdroxvDhenvl ^ - carbon vl 1 amino 1 -methyl! 

A solution of 4N hydrochloric acid in dioxane was 
added to (3 -Carbamoyl- 4 -cyclohexylmethoxy-benzyl ) - 
carbamic acid tert-butyl ester (1.0 g, 2.7 mmol). The 
reaction is stirred for 1 hour and then concentrated 
under reduced pressure to yield a solid. This solid of 
the amine hydrochloride was then used for the coupling. 
The above amine hydrochloride was dissolved in N,N- 
dimethylf ormamide (30 mL) , and the solution was cooled 
to 0°C. 4-methyl morpholine (0.75 mL, 6.9 mmol) was 
then added, followed by 1-hydroxybenzotriazole (559 mg, 
4.1 mmol), 4-hydroxybenzoic acid (457 mg, 3.3 mmol), 
and 1- ( 3-dimethylaminopropyl) -3 -ethylcarbodiimide 
hydrochloride (7 93 mg, 4.1 mmol). The reaction was 
allowed to warm slowly to room temperature and stirred 
overnight. The reaction was concentrated under reduced 
pressure in 10 mL. The residue was then diluted with 
ethyl acetate and washed with 5% citric acid 
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(3X250 mL), saturated sodium bicarbonate (3X250 mL), 
and saturated sodium chloride (1X250 mL), dried over 
magnesium sulfate, filtered, and concentrated under 
reduced pressure to yield a pale yellow powder. The 
5 powder was collected and washed with ether, followed by 

drying under reduced pressure to yield (871 mg, 83%). 
1 H NMR (400 Hz, DMSO) : 6 9 . 97 ( s 1H) , 8.78 (t, 1H) , 
7.75 (m, 3H), 7.58 (d, 2H), 7.38 (d, 1H), 7.05 (d, 1H) , 
6.78 (d, 2H), 4.35 (d, 2H), 3.88 (d, 2H), 1.61-1.77 

10 (m, 6H), 1.15-1.05 (m, 5H); Mass Spectrum (Chemical 

Ionization, 1% NH 3 in CH 4 ) m/z 383 (M+H) . 

Step 6; Phosphoric acid mono- T4- V 3 -carbamoyl -4- 

CVClohexvlmethoxv-benzvlcarbamo yl^ -phenyl 1 ester 

The title compound was synthesized in a manner 

15 similar to that described for Example 1. The product 

was obtained as a colorless powder (50 mg) . HPLC 92%, 
rt = 17.2 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 

20 Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

hydroxide) m/z 461.5 (M-H) . 

EXAMPLE 45 

f 4 - < 3 - Carbamoyl - 4 - cyclohexvlmet hoxy-benzvlcarbamoyl ^ - 
25 Phenyl 1 -dif luoro-methvl-phospho nic acid 

O 

CONH* 



30 H 2°3 P ' 
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Step l: fDif luoro- ( 4 -iodo-phenyl ) -methyl! - 
phosphor ite acid diethyl ester 

[Dif luoro- ( 4 -iodo- phenyl) -methyl] -phosphonic acid 
diethyl ester can be prepared in accordance with 
5. methods well known to those skilled in the art. (See, 
for example, Burke, et al., J. Org. Chem. , 1993;58: 
1336-1340. ) 

step 2: rPifluorp- (4 -formyl "Phenyl ) -methyl! = 

phosphon ic acid diethyl ester 
10 To a solution of [Difluoro- (4 -iodo -phenyl) - 

methyl] -phosphonic acid diethyl ester (1.6 g, 4.1 mmol) 
in anhydrous ether (40 mL) at -78°C was added dropwise 
n-butyl lithium (2.5 M in hexanes , 2.5 mL, 6.1 mmol). 
The brown solution was stirred at -78°C for 2 minutes. 
15 Ethyl formate (0.66 mL, 8.2 mmol) was then added, and 

the reaction was stirred for 10 minutes at -78 °C. The 
mixture was then quenched with saturated ammonium 
chloride (10 mL) and warmed to room temperature. The 
reaction was then diluted with ether. The organic 
20 layers were washed with saturated sodium chloride 

(20 mL) , dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure to yield a yellow 
oil. Chromatography of the residue [3:7, ethyl 
acetate: hexanes] gradient to (1:1)] afforded the 
25 aldehyde (268 mg, 22%) as a clear oil. 

X H NMR (400 MHz, DMSO) : 8 10.28 (s, 1H) , 8.25 (d, 2H) ; 
7.97 (d, 2H), 4.42 (m, 4H) , 1.40 (t, 6H) . 

Step 3: 4- 1 fDiethoxv-phosphorvl^-difluoro- 
methvll -benzoic acid 
30 To a solution of [Dif luoro- ( 4 - formyl -phenyl ) - 

methyl] -phosphonic acid diethyl ester (260 mg, 
0.9 mmol) in acetone (25 mL) at room temperature was 
added Jones reagent (5 mL) . The reaction was quenched 
by addition of ethanol (5 mL) . The reaction was then 
35 concentrated under reduced pressure to 5 mL. The 

residue was diluted with ethyl acetate and washed with 
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water (2X20 mL), saturated sodium- chloride (20 mL) , 
dried over magnesium sulfate, filtered, arid 
concentrated under reduced pressure to yield a white 
crystalline solid (268 mg, 98%). X H NMR (400 MHz, 
DMSO) : 5 8.09 (d, 2H) , 7.70 (d, 2H) , 4.15 (m, 4H) , 
1.22 (t, 6H); Mass Spectrum (Chemical Ionization, 1% 
NH in CH 4 ) m/z 309 (M+H) . 

Step 4 : f-4- f 3 -Carbamoyl - 4 -cyclohexylrngthoxy " 

benzylcarbamovl^ -Phenvll -difluoro-methvl-Dhosphonic 
acid 

The title compound was synthesized in a manner 
similar to that described for Example 44. The product 
was obtained as a colorless powder (39 mg) . HPLC 100%, 
rt =17.4 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum ( 50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 495.4 (M-H) . 

EXAMPLE 4 6 

Phosphoric acid mono- T4- ( 3 -carbamoyl -4 -cvclohexvl- 
methoxy-benzylcarbamovl > - 2 , 6 -dimethyl -phenyl 1 ester 



0 




The title compound was synthesized in a manner 
similar to that described for Example 44. The product 
was obtained as a colorless powder (79 mg) . HPLC 100%, 
rt = 18.3 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
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containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide ) m/z 4 89.4 ( M- H ) . 

5 EXAMPLE 47 

PhQSPhQriC acid mono- f 4- r 3 -carbamoyl - 4-cvcloheyyl- 
methoxv-benzvlcarbamov l^ -2-chloro-phgnvll ester 

O 



10 



15 




The title compound was synthesized in a manner 
similar to that described for Example 44. The product 
was obtained as a colorless powder (119 mg) . HPLC 
20 100%, rt - 17.7 minutes, C18 , column eluting with a 

gradient of 0% to 66% acetonitrile containing 0.1% TFA 
and water containing 0.1% TFA Over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 495.3 (M-H) . 

25 

EXAMPLE 4 8 

PhOSPhoric acid mono- f4- ( 4 -cvclohexyl methoxy-S- 
methvlcarbamovl-benzvlcarbamoyl ^ - phenyl! ester 
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The title compound was synthesized in a manner 
similar to that described for Example 44. The product 
was obtained as a colorless powder (79 mg) . HPLC 100%, 
rt - 18.3 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 475.5 (M-H) . 



20 



25 



30 



EXAMPLE 49 

fS> -Phosphoric acid mono-f 4- r2-a cetvlamino-2- 
carbamoyl- 4 -cvclohexvlmethoxv-benzylc arbamoyl^ -ethyll - 

Phenyl 1 ester 



h 2 o 3 p- 




35 



The title compound was synthesized in a manner 
similar to that described for Example 44 . The product 
was obtained as a colorless powder (60 mg) . HPLC 99%, 
rt - 16.9 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
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containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 546.4 (M-H) . 



5 EXAMPLE 50 

(S) -Phosphoric acid mono- M - f 2 -acetyl a mino- 2 - T 3 - 
carbamovl-4- ( 3 , 5-dimethvl-benzyloxy 1 -ben zylcarbamoyll - 
ethvl 1 -phenyl > ester 



10 O 





20 The title compound was synthesized in a manner 

similar to that described for Example 44. The product 
was obtained as a colorless powder (59 mg) . HPLC 98%, 
rt ■ 17.0 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 

25 containing 0.1% TFA over 22 minutes. Electrospray Mass 

Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 568.4 (M-H). 

EXAMPLE 51 

30 Phosphoric acid mono- f 4- f fS) ~2-acetylaminQ-2- [ (RS) zlz 

( 3 -carbamoyl -4 -cvclohexvlmethoxy -phenyl ) - 

etfrylcarbamoyll -ethyl} -phenyl) ester 
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The title compound was synthesized in a manner 
similar to that described for Example 44 . The product 
was obtained as a colorless powder (61 mg) . HPLC 99%, 
rt - 19.7 and 20.10 minutes, C18, column eluting with a 
gradient of 0% to 66% acetonitrile containing 0.1% TFA 
and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 560.4 (M-H) . 

Alternatively, the title compound can be 
synthesized as follows: 

Step 1; 5 -Acetyl -2-hydroxv-benzamide 

The title compound was synthesized in a manner 
similar to that described for Example 44, Step 3. The 
product was obtained as a solid. 1 H NMR (4 00 MHz, 
DMSO): 6 13.84 (s, 1H) , 8.73 (bs, 1H) , 8.53 (s, 1H) , 
8.12 (bs, 1H), 8.00 (d, 1H), 6.99 (d, 1H), 2.59 
(s, 3H) . Mass Spectrum (Chemical Ionization, 1% NH 3 in 
CH 4 ) m/z 179 (M+H) . 

Step 2; 5 -Acetyl - 2 -cvclohexvlmethoxy-benzamide 

The title compound was synthesized in a manner 
similar to that described for Example 44, Step 4. The 
product was obtained as a solid. ^-H NMR (400 MHz, 
DMSO): fi 8.31 (s, 1H), 8.05 (d, 1H), 7.22 (d, 1H), 
4.04 (d, 2H), 2.53 (s, 3H), 1.83 (m, 6H), 1.14 
(m, 5H) .Mass Spectrum (Chemical Ionization, 1% NH 3 in 
CH 4 ) m/z 275 (M+H) . 



WO 97/12903 



PCT/US96/15998 



-80- 

Step 3: fE/Z)-2-Cvclohexvlmethoxy-5-rl- 

hyflroxyimino-ethyl ) -benzamide 

To a solution of 5-acetyl-2-cyclohexylmethoxy- 
benzamide (1.0 g, 3.63 mmol) in pyridine (25 mL) at 
room temperature was added hydroxylamine hydrochloride 
(0.38 g, 5.45 nunol). The reaction was stirred 
48 hours. The reaction was then concentrated under 
reduced pressure, diluted with ethyl acetate and washed 
with 5% citric acid (3X100 mL), saturated sodium 
chloride (1X100 mL) , dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure to 
yield a foam. ^-H NMR (4 00 MHz , DMSO) : 6 11.07 
(s, 1H), 8.08 (d, 1H), 7.72 (d, 1H), 7.61 (bs, 1H) , 
7.53 (bs, 1H), 7.14 (d, 1H) , 4.03 (d, 2H) , 2.13 
(s, 3H), 1.74 (m, 6H) , 1.11 (m, 5H) . Mass Spectrum 
(Chemical Ionization, 1% NH 3 in CH 4 ) m/z 291 (M+H). 

Step 4; f+/-)-5- fl-Amino-ethyl^- 
cyclohexylmethoxy-benzamifle 

To a solution of (E/Z ) -2-Cyclohexylmethoxy-5- (i- 
hydroxyimino- ethyl ) -benzamide (0.50 g, 1.72 nunol) in 
methanol (20 mL) and triethylamine (5 mL) was added wet 
Raney Nickel (0.30 g) under hydrogen at 45 psi for 
16.5 hours. The reaction was then concentrated under 
reduced pressure to yield a white solid. -^H NMR 
(400 MHz, DMSO): 8 7.86 (s, 1H) , 7.59 (d, 2H) , 7.47 
(d, 1H), 7.10 (d, 1H), 4.03 (q, 1H) , 3.97 (d, 2H) , 
1.83 (m, 6H), 1.23 (m, 8H) . Mass Spectrum (Chemical 
Ionization, 1% NH 3 in CH 4 ) m/z 277 (M+H), 

Phosphoric acid mono- ( 4- f f S) -2-acetylamino~2- 
f fRS) -1- f 3 "carbamoyl- 4 -cyclchgxylmgthQxy -phenyl) - 
ethYlcarbamoyll -ethyl 1 -phenyl) ester 

The title compound was synthesized in a manner 
similar to that described for Example 44 . The product 
was obtained as a colorless powder (61 mg) . HPLC 99%, 
rt - 19.7 and 20.1 minutes, C18, column eluting with a 
gradient of 0% to 66% acetonitrile containing 0.1% TFA 
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and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 560.4 (M-H) . 

EXAMPLE 52 

(S) -Phosphoric acid mono- f 4 - [ 2 -acetvlureido- 2 - ( 3 - 
carbamovl-4-cvclohexvlmethoxv-benzvlcarbamoyl> -ethyl! - 

phenyl! ester 



o 




Step 1: fS^ -3- f 4 -Benzyloxv-phenvl ^ - 2 - ( 3-methvl- 
ureido^ -propionic acid benzyl ester 

This compound was synthesized in a manner similar 
to that described in Example 7 (Step 1) . 

Step 2: (S>-3- ( 4 -Hyd roxy-phenyl ^ - 2 - r 3 -methvl - 

ureido:i -propionic acid 

This compound was synthesized in a manner similar 
to that described in Example 7 (Step 2). 

Step 3; f S) -2- Cyclohexylmethoxy - 5 - f r 3 - f 4 - hydroxy - 

phenyls -2- f 3 -methvl -ureido^ -pror>ionvlamino! -methvll- 

bengamifle 

This compound was synthesized in a manner similar 
to that described in Example 44 (Step 2). 

Step 4; fS! -Phosphoric acid mono- f 4- f 2- 
acety lureido - 2 - ( 3 - carbamoyl - 4 - 

cyclohexylmethoxybenzy lcarbamoy 1 ^ - ethyl ! - phenyl ! ester 

The title compound was synthesized in a manner 
similar to that described for Example 1. Product was 
obtained as a white solid (100 mg) . HPLC 98%, 
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rt = 17.4 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 561.4 (M-H) . 

EXAMPLE 53 

f S W 4 - f 2 - Acetvlamino - 2 - ( 3 - carba moyl - 4 - cvclohexyl - 
methoxv-benzvlcarbamovl ) -ethvl 1 -p henyl 1 -dif luoro- 
methvl-phosphonic acid 



0 




The title compound was synthesized in a manner 
similar to that described for Example 49 and cleaved 
according to Example 5 (Step 2). The product was 
obtained as a colorless powder (3.8 mg) . HPLC 97%, 
rt * 17.6 minutes, C18, column eluting with a gradient 
of 0% to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 580.5 (M-H). 



WO 97/12903 



PCT/US96/15998 



10 



-83- 
EXAMPLE 54 

rs- ( R* ,RM 1 -4- r2-Acetvlamino-3- M -phosphono -phenyl ^ 
propionvlaminol -4 - f ( 3 -cvcA nhpyyl -propyl ^ -methyl - 
carbamoyl 1 -butvri c acid 
or 

Ac- ( 4-PhQSPhonvl> -L-Phe-L-GI n-Nf methyl ^ f 3- 
cvclohexvlpropvl \ 




15 

The title compound was synthesized in a manner 
similar to that described for Example 34. The product 
was obtained as a colorless powder (125 mg) . HPLC 
100%, rt = 12.4 minutes, C18, column eluting with a 
20 gradient of 0% to 100% acetonitrile containing 0.1% TFA 

and water containing 0.1% TFA over 20 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 552 (M-H) . 

25 EXAMPLE 55 

rS-fR*,RM 1-2, 2 -Dimethyl -propionic acid UA-(2- 
acetVlamino-2- f 1- r f3-cvc1ohexvl -pr opyl > -methyl - 
carbamoyl! -proPVlcarbamovl> -ethyl y-phenvl 1 -dif luoro- 
methyl 1 -hvdroxv-phosphinovloyvmprhyl ester 

30 



BNSDOCID: <WO 9712903A1J > 



WO 97/12903 



PCT/US96/15998 



-84- 



5 




10 Ac- ( 4 - f dif luorophosphonomethyl ^ J -L-Phe-L-Abu- 

N ( methvl ) ( 3 - cvclohexvlpropy 1 ) (from Example 10) 
(0.15 mmol, 84 mg) was dissolved in 2 mL 
dimethylf ormamide and treated with 
diisopropylethylamine (0.5 mmol, 81 \xL) and 

15 chloromethyl pivaloate (1.5 mmol, 214 ;iL) . The 

reaction mixture was stirred at 70 °C for 24 hours. 
The reaction mixture was diluted with 3 mL of 
dimethylf ormamide and purified by preparative HPLC , as 
previously described, to provide the product as a 

20 colorless solid after lyophilization (58 mg) . HPLC 

100%, rt - 14.8 minutes, C18, column eluting with a 
gradient of 0% to 100% acetonitrile containing 0.1% TFA 
and water containing 0.1% TFA over 20 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 

25 0.1% ammonium hydroxide) m/z 672 (M-H) . 

EXAMPLE 56 

fS- f R» ,R») 1 -4- r2-Acetvlamino-3- r 4 -phosphonooxy- phenyH - 
propionvlaminol -4- ( 2-adamantan-l- vl -ethvlcarb amoyl \s 
30 butyric acid 
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H 



H 2 0 3 P— O 




H 




The title compound was synthesized in a manner 
10 similar to- that described for Example 1. The product 

was obtained as a white solid (50 mg) . HPLC 100%, 
rt - 18.0 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
15 Spectrum (50/5Q acetonitrile/water +0.1% ammonium 

hydroxide) m/z 593 (M-H) . 



20 



EXAMPLE 57 

(S) -Phosphoric acid mono- ( 4- f 2-flcetylamino-2- ri- ethyl- 

l-(3 -phenyl -propvlcarbamovl ^ -propylcarbamoyl 1 -ethyl ] - 

phenyl 1 ester 



25 



30 



35 




H 2 0 3 P— O 



The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a white solid (150 mg) . HPLC 100%, 
rt = 18.0 minutes, C18 , eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 



BMSOOCID: <WO 97l2903A1J_> 



WO 97/12903 



PCT/US96/15998 



-86- 

Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 53 2 (M-H) . 

EXAMPLE 58 

fS-(R*,R*)1 -Phosphoric acid mo no - r 4 ■ f 2 - acetvlaminQ^- 
r 2 'hYdrPXV- 1- f 3 -Phenyl -propvlcarbamoyl ^ - 
prQPVlcarbamovl ] - ethvl 1 -phenyl ) osi^JL 




The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a white solid (46 mg) . HPLC 100%, 
rt - 13.8 minutes, C18 , eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 520 (M-H) . 

EXAMPLE 59 

r S~ f R» , R* ) 1 -4 - r f 3 -Cyclohexvl -propyl ) -methyl -carbamoyl 1 - 
4- f2- ( 3 , 3 -dimethyl -ureido^ -3 - ( 4 - phosphonooxy-phgnyl ^ - 

prcpionylamincl -butyric acid 
or 

N- r fDimethvlamino^carbonyll - ( O- phosphono > -L-Tyr-L-Glu- 
N (methvl^ ( 3 -cyclohexyl propyl \ 
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10 The title compound was synthesized in a manner 

similar to that described for Example 7 . The product 
was obtained as a colorless solid (110 mg) . HPLC 100%, 
rt - 17.9 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 

15 containing 0.1% TFA over 22 minutes. Electrospray Mass 

Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 597 (M-H) . 

EXAMPLE 60 

20 5- r ra-cvclohexvlpropvl^methyla minol -4 - f 12- 

r r fdimethylamino^ -sulfonvll am ino! -l-oxo-3- [ 4- 
fphosphonooxv) Phenyl 1 propyl 1 amino 1 -5-oxo-pentano ic acid 



25 



H 3 C \ H 



H.C X z N 

3 O 0 7 H 




30 H 2 0 3 P— O 



The title compound was synthesized in a manner 
similar to that described for Example 33. The product 
35 was obtained as a white solid (115 mg) . HPLC 100%, 

rt = 20.7 minutes, C18, eluting with a gradient of 0% 
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to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 63 3 (M-H) . 

EXAMPLE 61 

( S) -4- r f 3-Cvclohexvl -propyl ) -methvl -carba moyl 1 -4- T3- (4- 
Phosphonooxv-benzvl ) -ureidol -but yric acid 




The title compound was synthesized in a manner 
20 similar to that described in Example 35. The product 

was obtained as a colorless solid (47 mg) . HPLC 98%, 
rt « 17.8 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA, and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
25 Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

hydroxide) m/z 512 (M-H) . 

EXAMPLE 62 

f -4- r f 3 -Cvclohexvl- propyl) -methvl- carbamoyl! -4- (4- 
30 Phosphonooxv-benzovlamino) -buty ric acid 
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H 2 0 3 P— O 




10 The title compound was synthesized in a manner 

similar to Example 1 and 39. The product was obtained 
as a colorless solid (70 mg) . HPLC 95%, 
rt = 17.6 minutes, C18, eluting with a gradient of 0* 
to 66% acetonitrile containing 0.1% TFA and water 

15 containing 0.1% TFA over 22 minutes. Electrospray Mass 

Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 483 (M-H) . 

EXAMPLE 63a 

20 rs-fR».R»n- or fS- ( R* , S* ) 1 - f ( 4 - f 2-Acetvlami no-2~ [ 1- f 3 - 

carbamoyl- 4 -cvclohexylmethoxy- phenyl! -ethvlcarbamovll - 
ethyl) -p henyl 1 -dif luoro-methvn -phosphonic acid 



HO I /C0NH 2 




H 2 0 3 P- C F 2 

30 Isomer-1 

The title compound was synthesized in a manner 
similar to that described for Example 51 and 53, except 
in this case the mixture of diastereomers was separated 
3 5 by preparative HPLC as previously described. The 

product was obtained as a colorless powder (31 mg). 
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HPLC 100%, rt = 12.6 minutes, C18 , column eluting with 
a gradient of 0% to 100% acetonitrile containing 0.1% 
TFA and water containing 0.1% TFA over 20 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
,5 0.1% ammonium hydroxide) m/z 594 (M-H) . 

EXAMPLE 63b 

TS-fR*,R*)1- or rS-fR*.S*n-rrA-f9- ^ cetv1 a mino-2-n-n- 
CarbamOYl -4-CVClohexvlmethoyv-ph^n Y i ^ -PthylcarhamnYl 1 - 
0 ethvl) -Phenyl ) -di f luorn-n»»* h vl 1 -phn^honin an-iH 



15 




Isomer 2 



The title compound is the second isomer separated 
in Example 51 and 53. The product was obtained as a 
colorless powder (34 mg) . HPLC >95%, 

rt = 12.8 minutes, C18, column eluting with a gradient 
of 0% to 100% acetonitrile containing 0.1% TFA and 
water containing 0.1% TFA over 20 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 594 (M-H). 



EXAMPLE 64a 

Phosphoric acid mono- T4 - r 2-acei-.vi *mi no-2- n - r^- 
carbamovl -4- f 2-cvclohexvl -1 -methvi -Pt hoxvi -phenyl i - 
ethvl carbamoyl ) -ethvl > -p henyl 1 Psi-g-r 
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HO f CONH 2 



H 2 0 3 P— O 




H 



Isomer- 1 




10 



15 



20 



The title compound was synthesized in a manner 
similar to that described for Example 51, except in 
this case the mixture of diastereomers was separated by 
preparative HPLC as previously described. . The product 
was obtained as a colorless powder (5 mg). HPLC 100%, 
rt = 13.1 minutes, C18, column eluting with a gradient 
of 0% to 100% acetonitrile containing 0 . 1% TFA and 
water containing 0.1% TFA over 20 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 588 (M-H) . 

EXAMPLE 64b 

Phosphoric acid mono- T4- ( 2 -acetyl amino- 2- f 1 - T3- 
carbamovl-4- ( 2 -cvclohexvl-1 -methyl -ethoxyl -phenyl! - 
ethvl carbamoyl ) -ethvl 1 -nhenvl 1 ester 



25 



30 



H 3 C 



H 2 0 3 P-0 



HO I J ^CONH-, 



Isomer- 2 




3 5 The title compound was synthesized in a manner 

similar to that described for Example 51, except in 
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this case the mixture of diastereomers was separated by 
preparative HPLC as previously described. The product 
was obtained as a colorless powder (4 mg) . HPLC 100%, 
rt = 13.3 minutes, C18, column eluting with a gradient 
of 0% to 100% acetonitrile containing 0.1% TFA and 
water containing 0.1% TFA over 20 minutes. 
Electrospray Mass Spectrum (50/5 0 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 588 (M-H) 

EXAMPLE 65 

fS) -Phosphor i c acid mono- ( 4- r 2-ar^i-y i am i no-?- r ^rsj -i - 
f 3 - carbamovlmethvl - 4 - cvcinhPYv i^ g thoy y-pheny 3 ) - 
ethvl carbamoyl 1 -ethyl 1 -ph enyl > qsI^X. 




Step I' f 2 -hVdroxV -Phenyl ^ -anet in anicl mgj-hyl 

To a solution of 2 -hydroxyphenylacetic acid 
(20.0 g, 129.7 mmol) in 250 mL of methanol was bubbled 
at room temperature anhydrous hydrochloric acid for 
5 minutes . The reaction was capped and stirred 
overnight . The reaction was then concentrated under 
reduced pressure to yield a pale oil (20.5 g, 95%). ^H 
NMR (300 MHz, DMSO): 6 9.45 (s, 1H) , 7.15 (m, 2H) , 
6.75 (m, 2H), 3.57 (d, 2H), 3.35 (s, 3H) . 

SteP 2; (2-methQXV-phenvl >-acetir a cid methyl 

ester 

To a solution of ( 2 -hydroxy- phenyl ) -acetic acid 
methyl ester (20.0 g, 120.5 mmol) in 200 mL N, N- 
dimethylformamide was added freshly ground potassium 
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carbonate (24.9 g, 180.7 mmol ) followed by iodomethane 
(8.25 mL, 132.5 mmol). The reaction mixture was heated 
to 50°C overnight. The reaction was then concentrated 
under reduced pressure. The residue was diluted with 
ethyl acetate and water . The organic layer was washed 
with IN hydrochloric acid (2X100 mL) and saturated 
sodium chloride (1X100 mL), dried over magnesium 
sulfate, filtered, and concentrated under reduced 
pressure. Chromatography of the residue (1:4, ethyl 
acetate/hexanes ) gave the product as a clear oil. 
NMR (400 MHz, DMSO) : 5 7.25 (t, 1H), 7.17 (d, 1H), 
6.97 (d, 1H), 6.89 (t, 1H), 3.74 (s, 3H), 3.58 (s, 5H) . 
Mass Spectrum (Chemical Ionization, 1% NH 3 in CH 4 ) 
m/z 180 (M+H) . 

Step 3 ; f 5 - acety X z 2 -hydroxy - phenyl ) - acetic acid 

methyl ester 

To a solution of aluminum chloride (35.0 g, 
262.5 mmol) in dichloromethane (75 mL) was added a 
solution of ( 2 -Methoxy- phenyl) -acetic acid methyl ester 
(13.5 g,~ 75.0 mmol) and acetyl chloride (5.86 mL, 
82.5 mmol) in dichloromethane (75 mL) dropwise. After 
the addition was complete the reaction was heated to 
reflux for 5 hours . The reaction mixture was then 
cooled and carefully poured onto a mixture of ice and 
water. The aqueous layer was then extracted with ethyl 
acetate (2X400 mL) . The combined extracts were then 
washed with saturated sodium chloride (1X100 mL), dried 
over magnesium sulfate, filtered, and concentrated 
under reduced pressure to yield a solid. -^H NMR 
(400 MHz, DMSO): 8 10.51 (s, 1H) , 7.79 (m, 2H), 6.88 
(d, 1H), 3.63 (s, 2H), 3.59 (S, 3H), 2.47 (s, 3H) . 
Mass Spectrum (Chemical Ionization, 1% NH 3 in CH 4 ) 
m/z 209 (M+H ) . 

Step 4: f5-acetyl - 2 -cyclohexylme thoxv-phenvl ) - 

acetic acid methyl ester 
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This compound was synthesized in a manner similar 
to that described for Example 44, Step 4. The product 
was obtained as an oil (7.9 g). ^ NMR (4 00 MHz, 
DMSO): 5 7.89 (d, 1H) , 7.84 (s, 1H) , 7.05 (d, 1H) , 
3.86 (d, 2H), 3.66 (s, 2H) , 3.58 (s, 3H) , 2.49 (s, 3H) , 
1.81 (m, 6H), 1.12 (m, 5H) . Mass Spectrum (Chemical 
Ionization, 1% NH 3 in CH 4 ) m/z 305 (M+H) . 

Step 5 ' 1 5-ftcetYl-2-cvc1ohexYlmg-h hoxv-nhPnYl ^ - 

acetic acid 

To a solution of ( 5-Acetyl-2-cyclohexylmethoxy- 
phenyl) -acetic acid methyl (7.9 g, 25.9 mmol) in 
tetrahydrofuran (150 mL) and methanol (150 mL) was 
added a IN solution of sodium hydroxide (52.0 mL, 
52 mmol). The reaction was stirred at room temperature 
overnight. The reaction was then concentrated under 
reduced pressure, diluted with ethyl acetate and 
acidified to pH 2 with IN hydrochloric acid. The 
aqueous layer was extracted with ethyl acetate 
(3X200 mL) . The combined extracts where then washed 
with saturated sodium chloride (1X200 mL), dried over 
magnesium sulfate, filtered, and concentrated under 
reduced pressure. 1 H NMR (400 MHz, DMSO): 5 12.23 
(s, 1H), 7.89 (d, 1H), 7.81 (s, 1H), 7.04 (d, 1H) , 3.86 
(d, 2H), 3.56 (s, 2H), 2.49 (s, 3H), 1.71 (m, 6H), 1.16 
(m, 5H). Mass Spectrum (Chemical Ionization, 1% NH 3 in 
CH 4 ) m/z 290 (M+H) . 

SteP 6: 2- (5-Acetvl- 2- cvcloheyvlTn^thoyv- phenyl ) - 

acetamids 

This compound was synthesized in a manner similar 
to that described for Example 44, Step 3. The product 
was obtained as a solid. 1 H NMR (400 MHz, DMSO): 6 
7.85 (d, 1H), 7.77 (s, 1H) , 7.33 (bs, 1H), 7.01 (bs, 
1H), 6.89 (S, 1H), 3.85 (d, 2H) , 3.42 (s, 2H), 2.50 
(s, 3H), 1.72 (m, 6H) , 1.16 (m, 5H) . Mass Spectrum 
(Chemical Ionization, 1% NH 3 in CH 4 ) m/z 289 (M+H). 
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Step 7; <E/Z)~2- ( 2-cvclQhexvlme thoxv5- (1- 
hvdroxvimino-ethvl > -ph enyl ^ -acetamide 

This compound was synthesized in a manner similar 
to that described for Example 51, Step 3. The product 
5 was obtained as a solid. X H NMR (400 MHz, DMSO) : 6 

10.92 (s, 1H), 7.45 (m, 2H) , 7.26 (bs, 1H) , 6.90 
(d, 1H), 6.85 (bs, 1H), 3.75 (d, 2H) , 3.37 (s, 2H), 
3.33 (s, 3H), 1.72 (m, 6H), 1.16 (m, 5H) . Mass 
Spectrum (Chemical Ionization, 1% NH 3 in CH 4 ) m/z 304 
10 (M+H). 

S tep 8; ( + /-)-2-f 5-(l-Amino-ethyH-2- 
CVClohexvlmethoxv - phenyl > -acetami rig 

This compound was synthesized in a manner similar 
to that described for Example 51, Step 4. The product 
15 was obtained as a solid. 1 H NMR (400 MHz, DMSO): fi 

7.11 (m,2H), 6.88 (m, 1H) , 3.90 (q, 1H) , 3.71 (d, 2H) , 
3.37 (s, 2H) , 1.72 (m, 6H) , 1.20 (m, 8H) . Mass 
Spectrum (Chemical Ionization, 1% NH 3 in CH 4 ) m/z 290 
(M+H). 

20 Step 9 ; (S) -Phosphoric acid mono- ( 4- f 2-acetvlamino- 

2-f(RS)-l-f3-ca rbamovlmethvl - 4 - cvclohexy l met hoxy - 
Phenyls -ethylcarbamoyll -ethyl ) -phenyl ) ester 

The title compound was synthesized in a manner 
similar to that described for Example 44. The product 

25 was obtained as a colorless powder (93 mg) . HPLC 100%, 

rt - 17.8 and 18.0 minutes, C18, column eluting with a 
gradient of 0% to 66% acetonitrile containing 0.1% TFA 
and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 

30 0.1% ammonium hydroxide) m/z 574 (M-H) . 

EXAMPLE 66 

Phosphoric acid mono- f4- f ( S> -2-acetylamino-2- T3- 
carbamovl - 4 - ( 2 - cvclohexy 1 - r RS ^ - 1 -methyl - ethoxy > - 
35 benzvlcarbamovll -ethvll -phenyl ^ est^r 
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H 2 0 3 P— O 
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The title compound was synthesized in a manner 
similar to that described in Example 44 . The product 
was obtained as a colorless solid (101 mg) . HPLC 98%, 
rt - 18.9 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA, and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 574 (M-H) . 



Ph osphoric acid mono- f 4- f f S) -2-acetviamtno-2- r r rsi -i- 

( 3 - carbamoyl - 4 - cvclohexvlmetho xv - phenyl ) - 2 - phenyl - 
ethvlcarbamoyll-ethvl) -phenyl ) ftstPr 



The title compound was synthesized in a manner 
similar to that described for Example 65 starting at 
step 3 . The product was obtained as a colorless powder 
(26 mg) . HPLC 100%, rt - 20.2 and 20.5 minutes, C18, 
column eluting with a gradient of 0% to 66% 
acetonitrile containing 0.1% TFA and water containing 




BMQnnrin- -wo o7ioqmai i ^ 
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0.1% TFA over 22 minutes. Electrospray Mass Spectrum 
(50/50 acetonitrile/water + 0.1% ammonium hydroxide) 
m/z 636 (M-H) . 

5 EXAMPLE 68 

Phosphor i c acid mono- T4- ( f S> -2-acetyl a m ino-2- f rK<^ -1 - 
f 3-carbamovl-4- (3 , 5-dimethvl-benzy1 oxY> -phenyl } - 
e thvlcarbamovll-ethvl) -phenvll satex 



10 



15 




The title compound was synthesized in a manner 
20 similar to that described for Example 51. The product 

was obtained as a colorless powder (16 mg) . HPLC 90%, 
rt = 16,. 9 and 17.3 minutes, C18, column eluting with a 
gradient of 0% to 66% acetonitrile containing 0.1% TFA 
and water containing 0.1% TFA over 22 minutes. 
25 Electrospray Mass Spectrum (50/50 acetonitrile/water + 

0.1% ammonium hydroxide) m/z 582 (M-H). 

EXAMPLE 69 

Phosphori c ac i d mono- 1 4- f rs) -2-acetviamino-2- r ( rsw- 

30 ( 3 -carbamoyl -4 -cvclohexvlmethoyy -phenyl > - 

butvlcarbamovll -ethvl 1 - phenyl ) 
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CH 3 



H 2°3 P — 0 
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15 
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The title compound was synthesized in a manner 
similar to that described for Example 65 starting at 
step 3 . The product was obtained as a colorless powder 
(32 mg). HPLC 100%, rt - 19.2 and 19.5 minutes, C18, 
column eluting with a gradient of 0% to 66% 
acetonitrile containing 0.1% TFA and water containing 
0.1% TFA over 22 minutes. Electrospray Mass Spectrum 
(50/50 acetonitrile/water + 0.1% ammonium hydroxide) 
m/z 588 (M-H) . 



(S) -Phosphoric acid mono - f 4 - f 2 - acety lami no- 2 - U - 

cYclPhexylrcethQxy-3-hyflr^ 
ethy 11 -phenyl! ester 



The title compound was synthesized in a manner 
similar to that described in Example 44, except that t- 
butyl -hydroxy 1 amine was used instead of ammonia. This 
protecting group was not removed until the final 
deprotection step to give the product as a colorless 
solid (11 mg). HPLC 92%, rt - 19.6 minutes, C18, 
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eluting with a gradient of 0% to 66% acetonitrile 
containing 0.1% TFA, and water containing 0.1% TFA over 
22 minutes. Electrospray Mass Spectrum (50/50 
acetonitrile/water + 0.1% ammonium hydroxide) m/z 562 
5 (M-H) . 

EXAMPLE 71 

(S) -Phosphoric acid mono- f 4 - r 2 - acfi tvlamino- 2 - r 4 - 
10 cvclohexvlmethoxv-3-hvdra2inocarh onvl-benzvlcarbamoyl> - 

ethyl 1 -phenyl 1 ester 



15 




The title compound was synthesized in a manner 
20 similar to that described in Example 44, except that 

Boc-hydrazine was used instead of ammonia. This 
protecting group was not removed until the final 
deprotection step to give the product as a colorless 
solid (263 mg). HPLC 96%, rt - 14.4 minutes, C18, 
25 eluting with a gradient of 0% to 66% acetonitrile 

containing 0.1% TFA, and water containing 0.1% TFA over 
22 minutes. Electrospray Mass Spectrum (50/50 
acetonitrile/water + 0.1% ammonium hydroxide) m/z 561 
(M-H). 

30 

EXAMPLE 72 

(S) -Phosphoric acid mono - ( 4 - f 2 - acety lamino - 2 - f 3 - 
carbamoyl -4 - f 2-ethvl -benzvloxv^ -benzvlcarbamoyl 1 - 
ethvl) -phenyls ester 

35 
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H 




H 2 Q 3 P- 



The title compound was synthesized in a manner 
similar to that described in Example 44. The product 

10 was obtained as a colorless solid (58 mg) . HPLC 100%, 

rt - 16.8 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA, and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 

15 hydroxide) m/z 568 (M-H) . 

EXAMPLE 73 

(4-'f fSl -2-Acetvlamino-2- [ fRSi-1-r3 -carbamovl-4- 
CYClo hexvlmethoxv-Phenvl^ -ethvlcarbamovll -ethyl 1 - 
20 Phenyls -Phosphonic acid 




H 




H 2 0 3 P 

The title compound was synthesized in a manner 
30 similar to that described for Example 51 and 53. The 

product was obtained as a colorless powder (5 mg) . 
HPLC rt - 12.3 and 12.5 minutes, C18 , column eluting 
with a gradient of 0% to 100% acetonitrile containing 
0.1% TFA and water containing 0.1% TFA over 20 minutes 
35 Electrospray Mass Spectrum (50/50 acetonitrile/water + 

0.1% ammonium hydroxide) m/z 544 (M-H) . 
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EXAMPLE 74 

Phosphoric acid mono- f 4 - T3 - f 3 -carbamoyl - 4 - 
cvclohexvlmethoxv-benzvl) -ureidol -phen yl) ester 



CONH 2 




Ste p 1; l-isocvanato-4- fphenvlmethoxv^benzene 

To amine (21.20 mmol, 5.0 g) in toluene (10 ml) at 
room temperature was added phosgene in toluene (1.93 M, 
106 mmol, 54 mL) . After refluxing 12 hours, the 
mixture was evaporated to dryness under reduced 
pressure. The crude product was used directly in the 
next step without further purification or 
characterization . 

Step 2; 5- f3- ( 4-Benzvloxv-phenyl) -urei domethyll - 

2-cvclohexvlmethoxv-benzamide 

This compound was synthesized in a manner similar 
to that described in Example 7 (step 1). 

Step 3; 2-Cvclohexvlmethoxv- S- f 3 - ( 4 -hydroxy 

Phenyl) -ureidomethvll -benzamide 

This compound was synthesized in a manner similar 
to that described in Example 6 (step 2) . 

Step 4: Phosphoric acid mono - f 4 - r 3 - ( 3 -carbamoyl - 4 - 
cvclohexvlmethoxv-benzvl) -ureidol -phenyl 1 ester 

The title compound was synthesized in a manner 
similar to that described for Example 1. The product 
was obtained as a white solid (49 mg) . HPLC 100%, 
rt - 17.6 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 
hydroxide) m/z 476 (M-H) . 
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10 



25 



EXAMPLE 75 

C±Zr ) -Phosphoric acid mono- f 5- f 3 - f 1 ■ r 3 -carbamoyl ■ 4 - 
cyc l ohexYlmethoxy- Phenyl ) - ethvl 1 - urp.ido ] -naph thalan - 2 ■ 
yl) ester 



CONH 2 



H 2 0 3 P— 0 




The title compound was synthesized in a manner 
similar to that described for Example 74 . The product 

15 was obtained as a white solid (38 mg) . HPLC 100%, 

rt - 19.2 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water +0.1% ammonium 

20 hydroxide) m/z 54 0 (M-H) . 

EXAMPLE 7 6 

Phosphoric acid mono- f 4- f 3- ( 3 -carbamoyl -4- 
cvclohexvlmethoxv-benzvll -ureldn methvll -phenyl 1 ester 




bh- U - n ^V cohh : 

' 8 




30 H 2 0 3 P— O 



The title compound was synthesized in a manner 
similar to that described in Example 3 5 only the amine 
3 5 hydrochloride produced in Example 44 step 5 was 

employed as a partner in the urea forming reaction. 
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The product was obtained as a colorless solid (78 mg) . 
HPLC 98%, rt = 17.5 minutes, C18, eluting with a 
gradient of 0% to 66% acetonitrile containing 0.1% TFA, 
and water containing 0.1% TFA over 22 minutes. 
Electrospray Mass Spectrum (50/50 acetonitrile/water + 
0.1% ammonium hydroxide) m/z 490 (M-H) 

EXAMPLE 77 

rS-(R»,R*n- Or fS-fR* > S*n-2 t 2-nimPt h vl-prnp in nic aHri 

f T f 4 - f 2 - Acetvlami no - 2 - T 1 - ( 3 - ca rbamoy 1 : A - 
cyclQhexvlmethoxv - Phenyl > -ethylca r bamoyn -ethvll - 
Phenyl ) -dif luoro-methvl ) hydrovy - phosphi novloxymftthyl 

ester 



H 




Isomer- 1 



The title compound was synthesized in a manner 
similar to that described in Example 55. The product 
was obtained as a colorless solid (6 mg) . HPLC 100%, 
rt - 18.8 minutes, C18, eluting with a gradient of 0% 
to 66% acetonitrile containing 0.1% TFA, and water 
containing 0.1% TFA over 22 minutes. Electrospray Mass 
Spectrum (50/50 acetonitrile/water + 0.1% ammonium 
hydroxide) m/z 708 (M-H) . 

Inhib i t i on of I25 l-Phosphopep tide Bi nding to 
Immobilized Src SH2 

The binding affinities of compounds of the present 
invention to Src SH2 was determined using a competitive 
radiolabeled phosphopeptide displacement assay. 



WO 97/12903 



PCT/US96/15998 



-104- 

Specif ically , binding of 125 I-labeled Glu-Pro-Gln-pTyr- 
Glu-Glu-Ile-Pro-Ile-Tyr-Leu or 125 I-labeled Glu-Pro- 
Gln- (4- (dif luorophosphonomethyl ) ) -Phe-Glu-Glu-Ile-Pro- 
Ile-Tyr-Leu to a glutathione-S-transf erase(GST) -Src SH2 
fusion protein was performed in 20 mM Tris (pH 7/5), 
150 mM NaCl, 5 mM EDTA, and 0.1% NP-40. Assay 
additions to a Millipore filter plate (0.45 mM PVDF) 
resulted in Src SH2 fusion protein- glutathione 
sepharose bead complex, 2.8 nM 125 I-phosphopeptide and 
2% DMSO + test compound at different concentrations. 
Binding was performed at room temperature for 
20 minutes while continuously inverting the plate. 
Unbound 125 I -phosphopeptide was separated from 
SH2 -bound radiolabeled peptide by vacuum filtration and 
washing two times with 100 pL per well of assay buffer. 
Results are expressed as IC 50 values in Table 1 below. 

Inhibition of Activated PDGF Recepto r Binding 
to 35 S-SH2 Domains 

The binding of compounds of the present invention 
have been determined using 35 S- labeled GST SH2 protein 
constructs and their binding to an immobilized PDGF 
receptor kinase domain. Binding of 35 S-X-SH2-GST 
(X - Src, Abl, Grb2, p85-N, p85-C, Syp-N, and PLCy-C 
domains) to immobilized PDGF receptor kinase domain was 
performed in a Millipore filter plate (0.45 mM PDVF) in 
20 mM Tris buffer (pH 7.5), 150 mM NaCl, 10 mM mgCl 2 , 
and 0.1% triton. The assay was conducted at room 
temperature for 30 minutes while continuously inverting 
the plate. The resultant SH2 -GST- PDGF receptor kinase 
complex was separated from excess 35 S-SH2-GST protein 
by vacuum filtration and the amount of bound SH2-GST 
was determined by scintillation counting. Results are 
expressed as IC 50 values and/or % inhibition at 
specified concentrations in Table 2 below. 

Inhibition of 125 I -Phosphopeptide Binding to 

Immobilj 7ftd Abl SH2 
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The binding affinities of compounds of the present 
invention to Abl SH2 was determined using a competitive 
radiolabeled phosphopeptide displacement assay. 
Specifically, binding of 125 I-labeled Glu-Pro-Gln- ( 4 - 
( dif luorophosphonomethyl ) ) -Phe-Glu-Glu-Ile-Pro-Ile-Tyr- 
Leu to a glutathione-S-transf erase(GST) -Abl SH2 fusion 
protein was performed in 20 mM Tris (pH 7.5), 150 mM 
NaCl, 5 mM EDTA, and 0.1% NP-40. Assay additions to a 
Millipore filter plate (0.45 mM PVDF) resulted in Abl 
SH2 fusion protein-glutathione sepharose bead complex, 
2.8 nM 125j -phosphopeptide and 2% DMSO ■+ test compound 
at different concentrations. Binding was performed at 
room temperature for 20 minutes while continuously 
inverting the plate. Unbound 125 I -phosphopeptide was 
separated from SH2 -bound radiolabeled peptide by vacuum 
filtration and washing two times with 100 per well 
of assay buffer. Results are expressed as IC 50 values 
in Table 3 below. 

Inhibition of DNA Synthesis as Monitored by 3 H- 
Thymidine Uptake 

DNA synthesis occurs when a cell is exposed to 
Platelet Derived Growth Factor (PDGF) . For PDGF- 
induced DNA synthesis to occur, c-SRC or another member 
of the SRC gene family is required. The ability of the 
SRC SH2 inhibitors of the present invention to block 
PDGF- stimulated DNA synthesis can be assessed using the 
protocol set forth below. 

Swiss 3T3 cells were grown in 12 -well plates for 
3 days to approximately 50% confluency. The growth 
media was removed and replaced with 1.0 mL/well of 
assay buffer (Dulbecco's Modified Eagle Medium 
containing 0.2% Bovine Serum Albumin), and incubated 
for 24 hours to arrest growth. 

Test compounds (5 nL) were add at 100 times their 
final concentration. Methyl sulfoxide was used as a 
control and levels in all wells are kept under 1.0% of 
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DMSO. Cells were then stimulated with growth factor 
(PDGFbb or Fetal Bovine Serum), and allowed to incubate 
another 24 hours. 

During the final 2 hours of treatment, 5 uL of 0.1 
HCi/uL 3 H-thymidine was added to each well (final = 0.5 
ViCi/well) 

After incubation the medium was removed by 
aspiration, and each well was washed twice with ice- 
cold phosphate buffered saline (0.5 mL/wash) . 0.5 eL 
ice-cold 5% trichloroacetic acid was added to each well 
and incubated on ice for a minimum 10 minutes. The 
trichloroacetic acid solution was removed and each well 
was washed twice with 0.5 mL ice-cold trichloroacetic 
acid, and then once with ice-cold water (0.5 mL) . 
0.5 mL of 2% Sodium Dodecyl Sulfate was added to each 
well to solubilize the cells and allowed to incubate at 
room temperature for 10-15 minutes. The solubilized 
cells were transfered to 20 mL scintillation vials. 
Each well was washed with 0.5 mL of water and combined 
with the corresponding scintillation vial. 10 mL of 
Ready-Gel scintillation cocktail was added to each vial 
and the vials were then counted in a scintillation 
counter. Results are shown as percent of 3 H- thymidine 
uptake relative to control in Table 4 below. 
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TABLE 1. Src SH2 Binding Data 





Example 


IC^q/ SRC SH2 
Dxiiuxiiy ^ yxri ) 




X 


Z . X 




Z 


Z . 4 


D 


-\ 








C "7 




~) 


D . U 




D 


1 Q 
X . O 




7 


z . u 




Q 
O 


D • 




Q 


O . 2 




1 o 
xu 


cr 

2d 




1 1 
XX 


2 . X 






0 . 7 


XO 


1j 


4 . 4 




14 


in n 
10 . 0 




X J 


I . 0 




±0 








o . Z 


z u 


1 p 






1 Q 


D . O 






z u 




91 
X X 


j . -> 




22 


8.3 


25 


23 


6 . 2 




24 


7.2 




25 


7.1 




26 


9.8 




27 


8.0 


30 


28 


12.0 
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src SH2 Binding Data (cont d) 




Example 


IC 5Q/ SRC SH2 
Dinaincf (p.M) 




TO 


8 . 3 




o u 


5 . 5 


5 


31 


3 . 9 






9 . 2 




3 3 


9.3 




34 


-100 




35 


7.0 


10 


36 


-30 




-J my 

37 


6 . 7 




38 


4 . 1 




39 


9 . 7 




40 


7 . 0 


Id 


41 


6 . 6 




42 


-30 




A O 

43 


-20 




44 


6 . 5 




A C 

45 


-50 


2U 


4 6 


12 . 5 




47 


-20 




48 


-3 0 




4 9 


8 . 5 




50 


2.5 


ZD 


51 


1 . 0 




52 


6.2 




53 


12.1 




54 


86 




55 


>100 


30 


56 


3.8 




57 


33 
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TABLE 1. 


Src SH2 Binding Data (cont'd) 


Example 


IC 50 , SRC SH2 




Binding (uM) 


58 


21 


59 


1.1 


60 


1.9 


61 


16. 


62 


8.3 


63a 


0.3 


63b 


29 


64a 


0.6 


64b 


11 


65 


9.2 


66 


3.8 


67 


1.0 


68 


1.1 


69 


2.1 


70 


24 


71 


18 


72 


6.2 


73 


8 . 6 


74 


20 


75 


7.2 


76 


34 



25 
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TABLE 2 




Example 


SH2-GST 


IC 50 (JIM) 


1 


Src 


3.9 




Abl 


7.4 




Grb2 


>100 




Syp(N) 


>100 




PLCy(C) 


>100 




p85(C) 


>100 


5 


Src 


-100 




Abl 


3.9 




Grb2 


>100 




Syp(N) 


>100 




PLCy(C) 


>100 




p85(C) 


>100 


51 


Src 


2.2 










Grb2 


-100 




Syp(N) 


-100 




PLCy(C) 


>100 




p85(C) 


>100 
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TABLE 3 . Abl SH2 Binding Data 





Example 


IC 50 , Abl SH2 
Binding (uM) 




5 


1 . 7 




10 


1 . 6 


5 


11 


17 




12 


2 5 




24 


36 




34 


42 




35 


A- \J \J 


10 


54 


43 




55 


>100 




57 


20 




58 


-60 




59 


4 . 5 


15 


60 


9 . 7 




61 


-100 




62 


44 




63a 


2 . 0 




63b 


59. 


20 


64a 


2 . 4 




64b 


14 




65 


24 




66 


11 




67 


6 . 0 


25 


68 


5.7 




69 


7.4 




70 


16 




72 


28 




73 


26 


30 


74 


>100 




75 


-60 




76 


>100 
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TABLE 4. 3H-Thymidine Uptake in 
Swiss 3T3 Cell 

Example ™~~ % Uptake Relative to Control 
77 ~ — _ 

63a 73% 
55 61% 
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CLAIMS 

1. A compound having the formula 



5 




wherein 

U is -CO-, -CS-, -SO-, or -S0 2 ~; 
10 Y is 




-ox 



X is r^c^ R 10 — / / ° r a bond '" 



3 0 R 1 is hydrogen, RCONR'-, RR'NCONR 

RS0 2 NR'-, RCSNR'-, RR'NCSNR"-, RR'NS0 2 NR"-, 



ROCONR' - , or o NCONR' 
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35 R is hydrogen, alkyl, cycloalkyl- (CH 2 ) Q - , 

substituted alkyl,- aryl- (CH 2 ) n - , 
heteroaryl- (CH 2 ) n - , - (CH 2 ) n -C0 2 H, substituted 
cycloalkyl- (CH 2 ) n - , substituted aryl- (CH 2 ) n - , or 
substituted heteroaryl- (CH 2 ) n - ; 

40 R 3 is hydrogen, alkyl, cycloalkyl- (CH 2 ) n - , 

substituted alkyl, aryl- (CH 2 ) n - , 
heteroaryl- (CH 2 ) n - , - (CH 2 ) n -C0 2 H, substituted 
cycloalkyl- (CH 2 ) n - , substituted aryl- (CH 2 ) n - , or 
substituted heteroaryl- (CH 2 ) - ; 

45 R 4 is hydrogen or alkyl; 

R' 

R 5 is -NRR', — N \X ' ° r " NCH ( CH 3)R; 

R 

50 R 6 and R 9 are independently -OP0 3 R c R d , 

-CF 2 P0 3 R c R d , -CH 2 P0 3 R c R d , -P0 3 R c R d , -S0 3 R c , 
-OS0 3 R c , -CH 2 S0 3 R c , -S0 2 NH 2 , -OS0 2 NH 2 , or 
-CH 2 S0 2 NH 2 ; 

R 7 and R 8 are independently hydrogen, alkyl, 
55 substituted alkyl, halogen, -OR, -NRR', -C0CF 3 , 

- ( CH 2 ) n CH 2 0H , - ( CH 2 ) n C0 2 H , - ( CH 2 ) n CH0 , 
-(CH 2 ) n NRR', or -Q-CH 2 - (CH 2 ) n -NRR' ; 

R 10 is -(CH 2 ) n C0 2 H, hydrogen, alkyl, aryl, 



70 



substituted alkyl, or - (CH 2 ) n -substituted aryl; 
R c and R d are independently -R, -CH 2 CH 2 Z, 

-CH 2 CHZ 2 , -CH 2 CZ 3 , or j J] ; 

R O 

Q is -0-, -NH-, -S-, -CH 2 0-, -CH 2 NH-, or 



65 -CH 2 S- 



Z is -CI, -Br, or -F; 

R, R' , and R' ' are independently hydrogen, 
alkyl, cycloalkyl- (CH 2 ) n - , aryl- (CH 2 ) n - , 
heteroaryl- (CH 2 ) n - , substituted alkyl, substituted 
cycloalkyl- (CH 2 ) n - , substituted aryl- (CH 2 ) n - , 
-(CH 2 ) n C0 2 H, or substituted heteroaryl- (CH 2 ) - ; and 
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each n is independently 0 to 5, or the 
pharmaceutically acceptable salts, amides, esters, 
or prodrugs thereof . 

2 . A compound according to Claim 1 wherein 

U is -CO-; 




3 . A compound according Claim 2 wherein 

R 1 is RCONR ' - / - NRCONR ' R ' ' - , -NRS0 2 R' , or 



NCONR ' 



R 2 , R 4 , R 7 , and R 8 are hydrogen ; 
R 3 is -(CH 2 ) n C0 2 H/ alkyl, or 



- (CH 2 ) n ~ substituted aryl; 

R ' 

R 5 is -NRR ' , -NCH(CH 3 )R, or — '' and 

R 6 is -OP0 3 R c R d or -CF 2 P0 3 R c R d . 

A compound according to Claim 2 wherein 
R 1 is CH3CONH-; 

R 2 , R 4 , R 7 , and R 8 are hydrogen; 
R 3 is -CH 2 CH 2 C0 2 H; 

R' 

R 5 is -NRR', -NCH(CH 3 )R, or — • and 

R 

R 6 is -OP0 3 R c R d , -CF 2 P0 3 R c R d , or -P0 3 R c R d . 
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A compound according to Claim 1 wherein 



U is -CO-; 



Y is — ch 




X is R 10 N 



10 



/ 

f 

\ 




and 



6 . The compound of Claim 5 wherein 
R 3 and R 10 are -(CH 2 ) n C0 2 H; 
R 4 is hydrogen; 

R ' 

5 I 
R is -NRR', -NCH(CH 3 )R, or 



R 7 and R 8 are hydrogen; and 



R° is -OP0 3 R c R d , -CF 2 P0 3 R c R a , or -PQ 3 R C R 



Cr>d 



>c D d 



A method of inhibiting the binding of a protein 
containing an SH2 domain to a cognate 
phosphorylated protein, the method comprising 
administering to a patient in need of SH2 
inhibition an SH2 inhibiting amount of a compound 
of Claim 1. 



8. The method of Claim 7 wherein the protein 
containing the SH2 domain is Src, Fyn, Lck, Yes, 
Blk, Lyn, Fgr, Hck, Yrk, or Abl . 

9 . The method of Claim 7 wherein the protein 
containing the SH2 domain is pp60c-src kinase. 

10. The method of Claim 7 wherein the cognate 
phosphorylated protein is PDGF receptor protein, 
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EGF receptor protein, HER2/Neu receptor protein, 
fibroblast growth factor receptor protein, focal 
adhesion kinase protein, pl30 protein, or p68 
protein . 

The method of Claim 7 wherein the patient in need 
of SH2 inhibition has a proliferative disease, 
cancer, restenosis, osteoporosis, inflammation, 
allergies, or cardiovascular disease. 

A pharmaceutical composition that comprises a 
compound of Claim 1 and a pharmaceutically 
acceptable carrier. 

A method of treating a patient having a 
proliferative disease, the method comprising 
administering to the patient a therapeutically 
effective amount of a compound of Claim 1. 

A method of treating a patient having cancer, the 
method comprising administering to the patient a 
therapeutically effective amount of a compound of 
Claim 1. 

A method of treating a patient having restenosis, 
the method comprising administering to the patient 
a therapeutically effective amount of a compound 
of Claim 1. 

A method of treating a patient having 
osteoporosis, the method comprising administering 
to the patient a therapeutically effective amount 
of a compound of Claim 1. 

A method of treating a patient having 
inflammation, the method comprising administering 
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to the patient a therapeutically effective amount 
of a compound of - Claim 1. 

18. A method of treating a patient having allergies, 
the method comprising administering to the patient 
a therapeutically effective amount of a compound 
of Claim 1. 

19. A method of treating a patient having 
cardiovascular disease, the method comprising 
administering to the patient a therapeutically 
effective amount of a compound of Claim 1. 

20. A compound of the formula 




wherein D and W are independently -CO-, -CS-, 
-SO-, or -S0 2 ~; 



9712903A1_L> 



WO 97/12903 



PCT/US96/15998 



-119- 

Y is 




, or 



X is r 19 r 20 c / R lfi N / or a bond; 

X \ 

3 0 R 11 is hydrogen, alkyl, -OH, substituted 

alkyl, or -NH 2 ; 

R 12 is hydrogen or alkyl; 

R 13 is -(CH 2 ) n C0 2 H / alkyl, - (CH 2 ) n -aryl , 
- (CH 2 ) n -heteroaryl, - ( CH 2 ) n -cycloalkyl , hydrogen, 
35 substituted cycloalkyl- (CH 2 ) n - , substituted 

aryl- (CH 2 ) n - , substituted heteroaryl- (CH 2 ) n - , or 
substituted alkyl; 

R 14 and R 17 are independently -0P0 3 R c R d , 
-CF 2 P0 3 R c R d , -CH 2 P0 3 R c R d , - P0 3 R c R d , - S0 3 R c , 
40 -OS0 3 R c , -CH 2 S0 3 R c , -S0 2 NH 2 , -OS0 2 NH 2 , or 

•CH 2 S0 2 NH 2 ; 

R 15 and R 16 are independently hydrogen, 
alkyl, halogen, -OR, -NRR' , -COCF 3 , - (CH 2 ) n CH 2 0H, 
-(CH 2 ) n C0 2 H, -(CH 2 ) n NRR', -(CH 2 ) n CH0, or 
45 -Q-CH 2 - (CH 2 ) n -NRR' ; 
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R 18 is -(CH 2 ) n C0 2 R / hydrogen, alkyl, 
- (CH 2 ) n CONRR' , substituted alkyl, or 
- (CH 2 ) n -substituted aryl; 

R 19 is hydrogen, RCONR'-, RR ' NCONR ' ' - , 
50 RS0 2 NR'-, RR / NS0 2 NR / ' -, ROCONR'-, 

or ( / \ cONR ' - ; 

R 20 is hydrogen, alkyl, cycloalkyl- (CH 2 ) n - , 
55 substituted alkyl, aryl- (CH 2 ) - , 

heteroaryl- (CH 2 ) n - , - (CH 2 ) n -C0 2 H, substituted 
cycloalkyl- (CH 2 ) n - , substituted aryl- (CH 2 ) n - , or 
substituted heteroaryl- (CH 2 ) n ~ ; 

R a is hydrogen, halogen, or alkyl; 



60 



R b is hydrogen, alkyl, -OR, -0(CH 2 ) n -aryl ( 



-NRR', -0(CH 2 ) n -substituted alkyl, -SR, 
-0(CH 2 ) n -substituted aryl, or -0(CH 2 ) n -cycloalkyl; 
R c and R d are independently -R, -CH 2 CH 2 Z, 

65 -CH 2 CHZ 2 , -CH 2 CZ 3 , or J |] 

R O 

Q is -O-, -NH-, -S-, -CH 2 0-, -CH 2 NH- , or 
-CH 2 S-; 

Z is -CI, -Br, or -F; 
70 R, R', and R' ' are independently hydrogen, 

alkyl, cycloalkyl- (CH 2 ) n -, aryl- <CH 2 ) Q - , 
heteroaryl- (CH 2 ) R - , -CH 2 - (CH 2 ) n -C0 2 H, substituted 
cycloalkyl- (CH 2 ) n - , substituted alkyl, substituted 
aryl- (CH 2 ) n - , or substituted heteroaryl- (CH 2 ) Q - ; 
75 and 

each n is independently 0 to 5 , or the 
pharmaceutically acceptable salts, amides, esters, 
or prodrugs thereof. 

21. A compound according to Claim 20 wherein 
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„14 



Y is 



R 15 



R 16 



U and W are -CO- ; and 
X is a bond. 



22. A compound according to Claim 21 wherein 

R 13 , R a , R 15 , and R 16 are hydrogen; 
R 12 and R 11 are hydrogen or alkyl; 
R b is -OR, -0(CH 2 ) n -aryl, -0(CH 2 ) n substituted 
aryl, or -0(CH 2 ) n cycloalkyl ; and 

R 14 is -0P0 2 R c R d or -CF 2 P0 3 R c R d . 

23 . A compound according to Claim 20 wherein 

X is r 19 r 20 c^ ; 



R 14 



R 15 



Y is . /-tV ; and 

R ] 



(CRR )^ ^> 



U and W are -CO- . 

24. A compound according to Claim 23 wherein 
R 19 is RCONR' - or RR ' NCONR ' ' ~ ; 

R 20 , R 15 , R 13 , R 11 , R a , and R 16 are hydrogen; 
R 12 is alkyl or hydrogen; 

R b is -OR, -0(CH 2 ) n -aryl / -0 (CH 2 ) n substituted 
aryl, or -0(CH 2 ) n cycloalkyl; and 

R 14 is -0P0 3 R c R d or -CF 2 P0 3 R c R d . 



25. A method of inhibiting the binding of a protein 
containing an SH2 domain to a cognate 
phosphorylated protein, the method comprising 
administering to a patient in need of SH2 
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inhibition an SH2 inhibiting amount of a compound 
of Claim 20. 

The method of Claim 25 wherein the protein 
containing the SH2 domain is Src, Fyn, Lck, Yes, 
Blk, Lyn, Fgr, Hck, Yrk, or Abl . 

The method of Claim 25 wherein the protein 
containing the SH2 domain is pp60c-src kinase. 

The method of Claim 25 wherein the cognate 
phosphorylated protein is PDGF receptor protein, 
EGF receptor protein, HER2/Neu receptor protein, 
fibroblast growth factor receptor protein, focal 
adhesion kinase protein, pl30 protein, or p68 
protein . 

The method of Claim 25 wherein the patient in need 
of SH2 inhibition has a proliferative disease, 
cancer, restenosis, osteoporosis, inflammation, 
allergies, or cardiovascular disease. 

A pharmaceutical composition that comprises a 
compound of Claim 20 and a pharmaceutically 
acceptable carrier. 

A method of treating a patient having a 
proliferative disease, the method comprising 
administering to the patient a therapeutically 
effective amount of a compound of Claim 20. 

A method of treating a patient having cancer, the 
method comprising administering to the patient a 
therapeutically effective amount of a compound of 
Claim 20. 
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A method of treating a patient having restenosis, 
the method comprising administering to the patient 
a therapeutically effective amount of a compound 
of Claim 20. 

A method of treating a patient having 
osteoporosis, the method comprising administering 
to the patient a therapeutically effective amount 
of a compound of Claim 20. 

A method of treating a patient having 
inflammation, the method comprising administering 
to the patient a therapeutically effective amount 
of a compound of Claim 20 . 

A method of treating a patient having allergies, 
the method comprising administering to the patient 
a therapeutically effective amount of a compound 
of Claim 20. 

A method of treating a patient having 
cardiovascular disease, the method comprising 
administering to the patient a therapeutically 
effective amount of a compound of Claim 20. 

The compound that is : 

[S- <R*,R* ) ] -4- [2-Acetylamino-3- (4- 
phosphonooxy - phenyl ) -propionylamino] -4 - [ (3- 
cyclohexyl -propyl ) -methyl - carbamoyl ] -butyric acid ; 

4- [ (S) -2-Acetylamino-3- ( 4 -phosphonooxy- 
phenyl) - (S) -propionylamino] -4- ( 2-cyclohexyl- (S) -1- 
methyl-ethylcarbamoyl ) -butyric acid; 

4 - [ ( S ) - 2 - Acety lamino - 3 - ( 4 - phosphonooxy - 
phenyl ) - ( S ) - propionyl - amino ] - 4 - ( 2 - cyclohexy 1 - ( S ) - 
1 -methyl- ethyl ) -methyl -carbamoyl) -butyric acid; 
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4- { (RS) -2-Acetylamino-3- [4- (dif luoro- 
phosphono - methyl ) - phenyl ] - ( S ) - propiony lamino ] - 4 - 
[ (3 -cyclohexyl -propyl) -methyl - carbamoyl] -butyric 
acid; 

[S- (R*,R*) ] -4-{2-Acetylamino-3- [ 4 - ( dif luoro- 
phosphono -methyl ) -phenyl] -propionylamino] -4 - [ ( 3 - 
cyclohexyl -propyl) -methyl -carbamoyl] -butyric acid; 

[S- (R*, R*) ] -4- [ (3 -Cyclohexyl -propyl) -methyl) - 
carbamoyl ] - 4 - [ 2 - [ ( morphol ine - 4 - carbony 1 ) - amino ] - 3 - 
( 4 -phosphonooxy- phenyl ) -propionylamino] -butyric 
acid; 

[S- (R*,R*) ] -4- [ ( 3 -Cyclohexyl -propyl) -methyl - 
carbamoyl] -4- [2- ( 3 -methyl -ureido) -3- (4- 
phosphonooxy- phenyl) -propionylamino] -butyric acid; 

[S- (R*/R*) ] -Phosphoric acid mono- [4- (2- 
acetylamino-2- {1- [ ( 3 -cyclohexyl -propyl) -methyl- 
carbamoyl] -propylcarbamoyl] -ethyl) -phenyl] ester; 

[ S - ( R* , R* ) ] - Phosphoric acid mono- [4- (2- 
acetylamino-2- {1- [ ( 3 -cyclohexyl -propyl ) -methyl - 
carbamoyl] -pentylcarbamoyl } -ethyl) -phenyl] ester; 

[S- (R*,R*) ] - { [4- (2-Acety lamino- 2- {1- [ (3- 
cyclohexyl -propyl) -methyl -carbamoyl] - 
propylcarbamoyl] -ethyl) -phenyl] -dif luoro-methyl } - 
phosphonic acid; 

4- [ (S) -2-Acetylamino-3- ( 4 -phosphonooxy - 
phenyl) - (S) -propionylamino] -5-oxo-5- ( (S) -2- 
phenethyl-pyrrolidin-l-yl) -pentanoic acid; 

4 - [ ( S ) - 2 - Acety lamino - 3 - ( 4 - phosphonooxy - 
phenyl ) - ( S ) - propionylamino ]-5-[2-((S)-2- 
cyclohexyl- ethyl ) -pyrrolidin-l-yl] -5-oxo-pentanoic 
acid; 

[S- <R*,R*) ] -4- [2-Acetylamino-3- (4- 
phosphonooxy- phenyl) -propionylamino] -4- [2- 
(5,6,7,8- tetrahydro - naphthalen - 1 - y 1 ) - 
ethylcarbamoyl] -butyric acid; 
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[S - (R* / R* ) ] --4- [2-Acetylamino-3- (4- 
phosphonooxy - phenyl ) -propionylamino] - 4 - ( 3 -phenyl - 
propyl carbamoyl ) -butyric acid; 

[S- (R*,R*) ] -4- [2 -Acetylamino- 3- (4- 
phosphonooxy - phenyl ) -propionylamino] -4- 
[ (naphthalen-l-ylmethyl) -carbamoyl] -butyric acid; 

[S- (R*,R*) ] -4- [2-Acetylamino-3- (4- 
phosphonooxy- phenyl ) -propionylamino] -4 - 
phenethylcarbamoyl -butyric acid; 

4- [ (S) -2 -Acetylamino- 3- ( 4 -phosphonooxy- 
phenyl) - (S) -propionylamino] -4- [methyl- ( (S) -1- 
methyl- 2 -phenyl -ethyl) -carbamoyl] -butyric acid; 

4- [ (S) -2-Acetylamino-3- ( 4 -phosphonooxy- 
phenyl) - (S) -propionylamino] -4- ( (S) -l-methyl-2- 
phenyl-ethylcarbamoyl) -butyric acid; 

[S-(R*rR*) ] -4- [2-Acetylamino-3 - (4- 
phosphonooxy- phenyl) -propionylamino] -4- [methyl- (3- 
phenyl- propyl) -carbamoyl] -butyric acid; 

[S- (R* / R* )] -Phosphoric acid mono- (4- {2- 
acetylamino-2- [2- ( 4 -hydroxy -phenyl ) -1- ( 3 -phenyl - 
propylcarbamoyl) -ethyl -carbamoyl] -ethyl} -phenyl ) 
ester; 

[ S - ( R* , R* ) ] - 4 - [ 2 - Acetylamino- 3 - { 4 - 
phosphonooxy- phenyl) -propionylamino] -4- [2- (2- 
methoxy- phenyl) -ethylcarbamoyl] -butyric acid; 

[S- (R* ,R* ) ] -4- [2 -Acetylamino- 3 - (4- 
phosphonooxy- phenyl) -propionylamino] -4- (2-p-tolyl- 
ethylcarbamoyl) -butyric acid; 

[S- (R*,R*) ] -4- [2 -Acetylamino- 3- (4- 
phosphonooxy- phenyl) -propionylamino] -4- { [2 - (2- 
methoxy- phenyl) -ethyl] -methyl - carbamoyl ] -butyric 
acid; 

[S- (R* ,R*) ] -4- [2- Acetylamino- 3- (4- 
phosphonooxy- phenyl) -propionylamino] -4- [3- (3- 
carbamoylmethoxy- phenyl) -propylcarbamoyl] -butyric 
acid; 
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lS-(R*,R*)]-4-[{2- [2-Acetylamino-3- (4- 
phosphonooxy- phenyl) -propionylamino] -propionyl] - 
(3 -cyclohexyl-propyl ) -amino] -butyric acid; 

[S- (R*,R*) ] -4- [ {2- [2-Acetylamino-3- (4- 
phosphonooxy- phenyl) -propionylamino] -propionyl} - 
(3 -phenyl-propyl) -amino] -butyric acid; 

[S-(R*,R*)]-5-[{2- [2-Acetylamino-3-(4- 
phosphonooxy -phenyl) -propionylamino] -propionyl} - 
(3 -phenyl-propyl) -amino] -pentanoic acid; 

[S- (R*,R*) ] -Phosphoric acid mono- [4- (2- 
acetylamino-2- [1- [butyl- (3 -phenyl -propyl ) - 
carbamoyl] -ethylcarbamoyl) -ethyl) -phenyl] ester; 

[S- (R*,R*) ] -4- [2-Acetylamino-3- (4- 
phosphonooxy- phenyl) -propionylamino] -4- [3- (4- 
carboxymethoxy - phenyl ) -propylcarbamoyl] -butyric 
acid; 

4- [ (S) -2-Acetylamino-3- (4 -phosphonooxy- 
phenyl) - (S) - [propionylamino] -5- ( (S) - 2 -benzyl - 
pyrrolidin-l-yl) - 5 -oxo- pentanoic acid; 

L-Tyrosinamide, N-acetyl-O-phosphono-L- 
tyrosyl-N- ( 3 -phenylpropyl ) -O-phosphono- ; 

4- [ (RS) -2- (Acetyl-methyl-amino) -3- (4- 
phosphonooxy- phenyl) - (S) -propionylamino] -4- (3- 
phenyl -propylcarbamoyl ) -butyric acid ; 

[S- (R*,R*) ] -4- [2-Methanesulfonylamino-3- (4- 
phosphonooxy -phenyl) -propionylamino] -4- ( 3 -phenyl - 
propylcarbamoyl) -butyric acid; 

IS- (R*,R*) ] - [4- (2-Acetylamino-2-{l- [ (3- 
cyclohexyl -propyl) -methyl -carbamoyl] - 
propylcarbamoyl] -ethyl) -phenyl] -phosphonic acid; 

(S) -4- [3 -Carboxymethyl-3 - ( 4 -phosphonooxy- 
benzyl) -ureido] -4- [ ( 3 -cyclohexyl-propyl ) -methyl - 
carbamoyl] -butyric acid; 

(S) -4- [ (3 -Cyclohexyl-propyl) -methyl - 
carbamoyl] -4- [3- ( 6 -phosphonoxy-naphthalen-l-yl ) - 
ureido] -butyric acid; 
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[S- (R*,R*) ] -4- [2-Acetylamino-3- (4- 
phosphonooxy -phenyl ) -propionylamino] -4 - ( 5 -methyl - 
hexylcarbamoyl ) -butyric acid; 

[S- (R*,R*) ] -4- [2-Acetylamino-3- (4- 
phosphonooxy-phenyl ) -propionylamino] -4- ( 4 -methyl - 
hexylcarbamoyl ) -butyric acid; 

Phosphoric acid mono- [4- ( 4 -benzyloxy-3- 
carbamoyl-benzylcarbamoyl) -phenyl] ester; 

Phosphoric acid mono- {4- [3 -carbamoyl- 4- (3- 
methyl-benzyloxy ) -benzylcarbamoyl ] -phenyl] ester; 

Phosphoric acid mono- {4- [ 3 -carbamoyl- 4 - ( 3, 5- 
dimethyl-benzyloxy ) -benzylcarbamoyl] -phenyl] 
ester; 

Phosphoric acid mono- {4 - [3 -carbamoyl-4 - (4- 
methyl-pentyloxy ) -benzylcarbamoyl] -phenyl] ester; 

Phosphoric acid mono- {4- [3 -carbamoyl-4 -( 4- 
methyl-hexyloxy ) -benzylcarbamoyl] -phenyl] ester; 

Phosphoric acid mono- [4- (3 -carbamoyl -4 - 
cyclohexyl-methoxy -benzylcarbamoyl ) -phenyl] ester; 

[ 4 - ( 3 -Carbamoyl- 4 -cyclohexy Imethoxy- 
benzylcarbamoyl ) -phenyl] -dif luoro-methyl- 
phosphonic acid; 

Phosphoric acid mono- [ 4 -( 3 - carbamoyl-4 - 
cyclohexylmethoxy- benzylcarbamoyl ) -2 , 6 -dimethyl - 
phenyl] ester; 

Phosphoric acid mono- [4- ( 3 -carbamoyl-4 - 
cyclohexy lmethoxy -benzylcarbamoyl ) -2-chloro- 
phenyl] ester; 

Phosphoric acid mono- [4- ( 4 -cyclohexy lmethoxy - 
3 -methylcarbamoyl -benzylcarbamoyl ) -phenyl] ester; 

(S) -Phosphoric acid mono-{4- [2-acetylamino-2- 
( 3 -carbamoyl-4 -cyclohexy lmethoxy -benzylcarbamoyl ) - 
ethyl] -phenyl] ester; 

(S) -Phosphoric acid mono- ( 4 - { 2-acetylamino-2- 
[ 3 -carbamoyl-4 - ( 3 , 5 -dimethyl -benzyloxy ) - 
benzylcarbamoyl] -ethyl] -phenyl) ester; 
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Phosphoric acid mono- (4- { (S) -2-acetylamino-2- 
[ (RS) -1- (3 -carbamoyl- 4 - cyclohexylmethoxy -phenyl ) - 
ethylcarbamoyl] -ethyl } -phenyl ) ester; 

(S) -Phosphoric acid mono- {4- [2-acetylureido- 
2 - ( 3 - carbamoyl - 4 - cy clohexy lmethoxy - 
benzy lcarbamoy 1 ) - ethyl ] - phenyl } ester ; and 

(S)-{4- [2-Acetylamino-2- ( 3 -carbamoyl -4 - 
cyclohexyl-methoxy-benzylcarbamoyl) -ethyl] - 
phenyl} -dif luoro-methyl-phosphonic acid. 

39. A compound according Claim 2 wherein 

R 1 is RCONR ' - , -NRCONR'R' ' - , or -NRS0 2 R'; 
R 2 , R 4 , R 7 , and R 8 are hydrogen; 




(CH 2 ) n C0 2 H or alkyl; 
R 1 



xs 



and 



R 6 is 



OP0 3 R c R d , -CF 2 P0 3 R c R d > 



R 

or PQ 3 R c R d . 



40. 



A compound according to Claim 1 wherein 
U is -CO-; 
X is a bond; and 



Y is 




41. 



A compound according to Claim 40 wherein 
R 4 , R 7 , and R 8 are hydrogen; 
R 3 is -CI^CH^CC^H, or alkyl; 



R' 




R D is -NRR', -NCH(CH 3 )R / or N. 



and 



R 6 is - 



OP0 3 R c R d , -CF 2 P0 3 R c R d 



R 

, or -P0 3 R c R d . 
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42. A compound of the formula 



R 13 R 12 




(CH 2 )~w^ n ^R 

I 

H 



11 



10 



15 



wherein U and W are independently -CO-, -CS-, 
-SO-, or -S0 2 -; 
Y is 



(CRR ) 




20 




H. H 




OR 



or 



25 



30 



35 



X is r 19 r 20 c^ , R 1 ^ , or a bond; 

R 11 is hydrogen, alkyl, -OH, substituted 
alkyl, or -NH 2 ; 

R 12 is hydrogen or alkyl; 

R 13 is -(CH 2 ) n C0 2 H, alkyl, - (CH 2 ) n -aryl, 
-(CH 2 ) n -heteroaryl, - (CH 2 ) n -cycloalkyl, hydrogen, 
substituted cycloalkyl- (CH 2 ) n - , substituted 
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aryl- (CH 2 ) n - / substituted heteroaryl- (CH 2 ) n - , or 
substituted alkyl; 

R 14 and R 17 are independently -OP0 3 R c R d , 
-CF 2 P0 3 R c R d , -CH 2 P0 3 R c R d , -P0 3 R c R d , -S0 3 R c , 
40 -OS0 3 R c , -CH 2 S0 3 R c / -S0 2 NH 2 , -0S0 2 NH 2 , or 

-CH 2 S0 2 NH 2 ; 

R 15 and R 16 are independently hydrogen, 
alkyl, halogen, -OR, -NRR' , -COCF 3 , - (CH 2 ) n CH 2 OH, 
-(CH 2 ) n C0 2 H, -(CH 2 ) n NRR', - (CH 2 ) n CHO, or 
45 -Q-CH 2 - (CH 2 ) n -NRR' ; 

R 18 is -(CH 2 ) n C0 2 R, hydrogen, alkyl, 
- (CH 2 ) n CONRR' , substituted alkyl, or 
- (CH 2 ) n - substituted aryl; 

R 19 is hydrogen, RCONR ' - , RR'NCONR' 
50 RS0 2 NR ' - , RR ' NS0 2 NR " - , ROCONR ' - , 



or o NCONR ' 



R 20 is hydrogen, alkyl, cycloalkyl- (CH 2 ) n - , 
55 substituted alkyl , aryl - (CH 2 ) Q - , 

heteroaryl- (CH 2 ) n -, - (CH 2 ) n -C0 2 H, substituted 
cycloalkyl- (CH 2 ) n -, substituted aryl- (CH 2 ) n - , or 
substituted heteroaryl- (CH 2 ) n - ; 

R a is hydrogen, halogen, or alkyl; 
60 R b is hydrogen, alkyl, -OR, -0(CRR' ) n ~aryl, 

-NRR', -0(CRR' ) n - substituted alkyl, -SR, 
-0(CRR' ) n - substituted aryl, or -0(CRR') n - 

cycloalkyl; 

R c and R d are independently -R, -CH 2 CH 2 Z, 

65 °\^°\/ R ' 

-CH 2 CHZ 2 , -CH 2 CZ 3 , or j |f 

R O 

Q is -O-, -NH-, -S-, -CH 2 0-, -CH 2 NH-, or 
-CH 2 S-; 

70 Z is -CI, -Br, or -F; 
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R, R', and R' ' are each. independently 
hydrogen, alkyl, cycloalkyl- (CH 2 ) n " , "aryl- (CH 2 ) n - , 
heteroaryl- (CH 2 ) n -, -CH 2 - (CH 2 ) n "C0 2 H, substituted 
cycloalkyl- (CH 2 ) n - , substituted alkyl, substituted 
75 aryl- (CH 2 ) n - , or substituted heteroaryl - (CH 2 ) - ; 

and 

each n is independently 0 to 5, or the 
pharmaceutical^ acceptable salts, amides, esters, 
or prodrugs thereof . 

43. A compound according to- Claim 42 wherein 
X is R 19r20 c / . 

,14 



R J 

1 ^ R 15 
Y is /=PV^ K 



; and 



R x6 



U and W are -CO- 



44. A compound according to Claim 43 wherein 

R 19 is RCONR ' - or RR'NCONR''-; 
R 20 , R 15 , R 13 , R 11 , R a , and R 16 are hydrogen; 
R 12 is alkyl or hydrogen; 
R b is -OR, -0(CRR' ) n -aryl, -0(CRR' )^ 
substituted aryl, or -0(CRR' ) n cycloalkyl ; and 

R 14 is -0PO 3 R c R d , -CF 2 P0 3 R c R d , or -P0 3 R c R d . 

45. A compound according to Claim 42 wherein 

X is R 1 ? — N / ; 

R 14 

Y is , /^FV^ ; and 



R- 6 
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U and W are -CO- . 

46. A compound according to Claim 42 wherein 

R 15 , R 13 , R 11 , R a , and R 16 are hydrogen; 
R 12 is alkyl or hydrogen; 
5 R b is -OR, -0(CRR' ) Q -aryl, -0(CRR') n 

substituted aryl, or -0(CRR' ) n cycloalkyl ; and 

R 14 is -OP0 3 R c R d / -CF 2 P0 3 R c R d , or -P0 3 R c R d . 



47. A compound according to Claim 4 2 wherein 
X is R 1 ? — N ^ ; 



y is 



10 U and W are -CO-. 

48. A compound according to Claim 47 wherein 

R 13 , R 11 , and R a are hydrogen; 
R 12 is alkyl or hydrogen; 
R b is -OR, -0(CRR' ) n -aryl, -0(CRR') n 
5 substituted aryl, or -0(CRR' ) n cycloalkyl; and 

R 17 is -OP0 3 R c R d , -CF 2 P0 3 R c R d , or PC 3 R c R d . 

49. The compound that is: 

[S-(R*/R*)]-4- [2-Acetylamino-3- ( 4 -phosphono- 
phenyl) -propionylamino] -4- [ ( 3 -cyclohexyl- propyl ) - 
methyl -carbamoyl] -butyric acid; 
5 [S- (R*,R*) ] -2, 2 -Dimethyl -propionic acid ([4- 

(2-acetylamino-2- [1- [ ( 3 -cyclohexyl -propyl) -methyl- 
carbamoyl] -propylcarbamoyl } -ethyl) -phenyl] - 
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dif luoro-methyl } - hydroxy- phosphinoyloxyme thy 1 
ester; 

[S- (R*,R*) ] -4- [2-Acetylamino-3- (4- 
phosphonooxy- phenyl) -propionylamino] -4- (2- 
adamantan-l-yl -ethylcarbamoyl ) -butyric acid; 

(S) -Phosphoric acid mono- (4 - [ 2-acetylamino-2- 
[1-ethyl-l- (3 -phenyl -propyl carbamoyl) - 
propyl carbamoyl] -ethyl] -phenyl ) ester; 

[S- (R*,R*) ] -Phosphoric acid mono-(4-{2- 
acetylamino-2- [ 2 -hydroxy- 1- (3 -phenyl - 
propylcarbamoyl) -propylcarbamoyl] -ethyl ] -phenyl ) 
ester; 

[ S - ( R* , R* ) ] - 4 - [ < 3 -Cyclohexyl -propyl ) -methyl - 
carbamoyl] -4- [2- ( 3 , 3 -dimethyl -ureido) -3- (4- 
phosphonooxy- phenyl) -propionylamino] -butyric acid; 

5 - [ ( 3 - cy clohexy Ipropyl ) methy lamino ] - 4 - [ [ 2 - 
[ [ (dimethy lamino ) -sulfonyl] amino] -l-oxo-3- [4- 
( phosphonooxy ) phenyl ] propyl ] amino ] - 5 - oxo-pentanoic 
acid; 

(S) -4- [ (3 -Cyclohexyl -propyl) -methyl- 
carbamoyl] -4- [3- ( 4 -phosphonooxy -benzyl ) -ureido] - 
butyric acid; 

(S) -4- [ (3 -Cyclohexyl -propyl) -methyl- 
carbamoyl] -4- ( 4 -phosphonooxy-benzoylamino) -butyric 
acid; 

[S-(R*,R*)3- or [S-(R*,S*)]-[(4-{2- 
Acety lamino - 2 - [ 1 - ( 3 - carbamoyl - 4 - cyclohexy lmethoxy - 
phenyl) -ethyl carbamoyl] -ethyl) -phenyl) -dif luoro- 
methyl] -phosphonic acid; 

[S-(R*,R*)]- or [S-(R*,S*)]-[(4-{2- 
Acetylamino -2-[l-(3- carbamoyl - 4 - cy clohexylmethoxy - 
phenyl) -ethylcarbamoyl] -ethyl] -phenyl) -difluoro- 
methyl] -phosphonic acid; 

Phosphoric acid mono- [4- (2-acetylamino-2-{l- 
[ 3 - carbamoyl - 4 - ( 2 - cyclohexyl - 1 -methy 1 - ethoxy ) - 
phenyl ] - ethylcarbamoyl } - ethyl ) - phenyl ] ester ; 
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Phosphoric acid mono- [4- ( 2-acetylamino-2- {1- 
[3 -carbamoyl- 4- ( 2 -cyclohexyl-1 -methyl -ethoxy ) - 
phenyl] -ethylcarbamoyl] -ethyl) -phenyl] ester; 

(S) -Phosphoric acid mono- ( 4 - { 2 -acetylamino- 2 
[ (RS) -1- (3-carbamoylmethyl-4-cyclohexylmethoxy- 
phenyl) -ethylcarbamoyl] - ethyl} -phenyl) ester; 

Phosphoric acid mono- (4- { (S) -2 -acetylamino- 2 
[3 -carbamoyl- 4- ( 2-cyclohexyl- (RS) -1 -methyl - 
ethoxy) -benzylcarbamoyl] -ethyl] -phenyl ) ester; 

Phosphoric acid mono- (4- { (S) -2 -acetylamino- 2 
[ (RS) -1- ( 3 -carbamoyl -4 -cyclohexylmethoxy -phenyl) - 
2 -phenyl -ethylcarbamoyl] -ethyl] -phenyl) ester; 

Phosphoric acid mono- [4- ( (S) -2-acetylamino-2 
{ (RS) -1- [3 -carbamoyl -4- (3 , 5-dimethyl-benzyloxy ) - 
phenyl] -ethylcarbamoyl] - ethyl) -phenyl] ester ; 

Phosphoric acid mono- (4- £ (S) -2 -acetylamino -2 
[ (RS) -1- (3-carbamoyl-4-cyclohexylmethoxy-phenyl) - 
butyl carbamoyl] - ethyl] - phenyl) ester; 

(S) -Phosphoric acid mono- {4- [2 -acetylamino- 2 
( 4 - cy clohexylmethoxy - 3 - hydroxycarbamoy 1 - 
benzylcarbamoyl) - ethyl] -phenyl] ester; 

(S) -Phosphoric acid mono- {4- [2-acetylamino-2 
( 4 - cy clohexylmethoxy - 3 - hydr az inocarbony 1 - 
benzylcarbamoyl) -ethyl] -phenyl] ester; 

(S) -Phosphoric acid mono- ( 4 - { 2 -acetylamino -2 
[3- carbamoyl- 4- ( 2-ethyl-benzyloxy ) - 
benzylcarbamoyl] - ethyl] - phenyl) ester; 

( 4 - ( ( S ) - 2 - Acetylamino -2-[(RS)-l-(3 - carbamoyl 
4 -cy clohexylmethoxy -phenyl) -ethylcarbamoyl] - 
ethyl] -phenyl) -phosphonic acid; 

Phosphoric acid mono- {4- [3- (3-carbamoyl-4- 
cy clohexylmethoxy - benzyl ) - ureido ] - phenyl } ester ; 

(+/-) -Phosphoric acid mono- ( 5- { 3 - [ 1- ( 3 - 
carbamoyl- 4 -cyclohexylmethoxy-phenyl) - ethyl] - 
ureido) -naphthalen- 2 -yl) ester; 
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Phosphoric acid mono- {.4- [3- (3 -carbamoyl -4 - 
cyclohexylmethoxy-benzyl) -ureidomethyl] -phenyl) 
ester; and 

[S-(R*,R*)]- or [S-(R*,S*) ] -2, 2 -Dimethyl - 
propionic acid { [ (4- (2-Acetylamino-2- [1- (3- 
carbamoyl - 4 - cyclohexy lmethoxy- phenyl ) - 
ethylcarbamoyl] -ethyl) -phenyl) -dif luoro-methyl] 
hydroxy-phosphinoyloxymethyl ester . 
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